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PREFACE 

This  study  was  conducted  by  the  U.S.  Army  Cold  Regions  Research  and  Engineering 
Laboratory  (USA  CRREL),  in  cooperation  *nth  Edgewood  Arsenal,  and  the  U.S.  Army 
Tank-Automotive  Command,  for  the  Project  Manager,  Remotely  Monitored  Battlefield 
Sensor  System  (REMBASS),  Fort  Monmouth,  N.J.,  under  Task  No.  SMO  72-0570-06-02, 

Trace  Gas  Detector  Study.  The  general  objective  of  tl  t  work  was  to  provide  a 
technical  assessment  of  the  possibilities  for  vehicle  detection/classificatior.  using 
various  types  of  chemical  sensors. 

Overall  coordination  of  the  study  was  provided  by  Dr.  R.P.  Murrmann,  Research 
Chemist,  USA  CRREL.  Other  USA  CRREL  participants  included  Mr.  T.F.  Jenkins,  Chemist, 
assisted  by  Mr.  B.  Brockett,  Physical  Science  Technician,  and  1LT.  W.  O'Reilly,  Chemist. 
The  work  at  Edgewood  Arsenal  was  coordinated  by  Mr.  L.G.  Appel,  Electronics  Engineer, 
with  input  from  Dr.  C.S.  Harden,  Research  Chemist,  and  Mr.  J.C.  Chalcraft,  Electronics 
Engineer,  who  were  assisted  by  Mr.  R.A.  Miller,  Electronics  Technician,  and  Mr.  H.A. 

Smith,  Jr.,  Engineering  Technician.  Personnel  at  USATACOM  included  Mr.  0.  Renius, 
Research  Physicist,  who  was  assisted  by  Mr.  W.  Bremerkamp,  Engineering  Technician, 
and  Mr.  D.  Abbas,  Physical  Sciences  Assistant. 

This  report  was  reviewed  by  Mr.  H.  Stevens,  Research  Civil  Engineer,  USA  CRREL, 
and  Mr.  E.  Engquist,  Chief,  Detection  and  Alarm  Branch,  DED,  Edgewood  Arsenal. 

The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or  promo¬ 
tional  purposes.  Citation  of  trade  names  does  rot  constitute  an  official  endorsement  or 
approval  of  the  use  of  such  commercial  products. 
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In.  abstract  ' 

12.  SPONSORING  MILITARY  ACTIVITY  jj 

Project  Manager,  REMBASS  1 

Fort  Monmouth,  N.J.  [ 

'  The  concept  of  using  chemical  sensors  for  remote  surveillance  of  vehicle  activity 
was  evaluated  through  field  and  laboratory  studies,  and  consideration  of  the  state 
of  the  art  of  current  chemical  sensor  concepts.  Reliable  detection  of  vehicles  was 
found  to  be  feasible  at  downwind  ranges  up  to  several  hundred  meters  depending  on 
the  type  of  chemical  sensor  employed.  By  use  of  a  two-sensor  array,  detection 
independent  of  wind  direction  was  highly  successful  at  reduced  detection  range. 
False-alartn  rates  in  remote  areas  were  virtually  zero  due  to  low  levels  of  exhaust 
chemicals  in  ambient  air.  Potential  was  shown  for  classification  of  diesel  and 
gasoline  vehicles  by  using  a  classifier  unit  consisting  of  twi  detectors.  By  trade¬ 
off  analysis,  it  was  determined  that  the  condensation  nuclei,  surface  adsorption, 
and  Honeywell  ionization  sensors  showed  most  immediate  promise  for  development  as 
vehicle  detectors.  Recommendations  were  made  on  additional  work  required  in  develop¬ 
ment  of  chemical  sensors  for  Remotely  Monitored  Battlefield  Sensor  System  (REMBASS) 
applications. 
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by 

R.P.  Murrmann,  T.F.  Jenkins,  L.G.  Appel,  C.S.  Harden,  J.C.  Chalcraft  and  0.  Renius 


INTRODUCTION 

Objects  or  activities  of  military  significance  can  be  detected  by  sensing  associated  chemicals 
in  the  atmosphere.  Perhaps  the  oldest  and  best  recognized  use  of  this  concept  is  the  development 
of  alarm  systems  for  various  types  of  toxic  chemical  agents.  Another  well  publicized  example  is 
the  development  of  the  personnel  detector  that  is  sensitive  to  combustion  product  particulates 
generated  m  conjunction  with  personnel  activities.  Very  recently,  a  trace  gas  sensor  that  detects 
a  volatile  impurity  m  dynamite  has  been  marketed  for  civilian  use  in  locating  explosives. 

Other  applications  of  the  chemical  sensor  concept  under  investigation  by  Army  laboratories 
include  trace  gas  detection  of  tunnels,  personnel,  military  explosives,  mines,  and  narcotics  during 
search-type  operations.  Research  in  progress  ranges  from  studies  on  the  nature  of  specific  trace 
gas  signatures  to  development  of  new  detector  concepts  which  will  meet  requirements  of  ultramgh 
sensitivity  and  selectivity.  In  these  cases  the  concentration  of  signature  chemical  emitted  at  the 
source  approaches  the  limit  of  sensitivity  of  modern  analytical  instrumentation.  Dilution  of  the 
chemicals  m  air  reduces  even  further  the  concentration  to  levels  quite  low  with  respect  to  back¬ 
ground  atmospheric  trace  coniaminams  that  can  act  as  interferences.  Although  results  of  research 
and  development  in  this  area  are  quite  encouraging,  considerable  effort  may  be  required  before  rele¬ 
vant  technology  can  be  advanced  to  the  point  where  practical  trace  gas  detection  systems  can  be 
demonstrated  in  the  above  applications. 

Experience  in  these  areas  indicates  that  the  development  of  chemical  sensors  remotely  placed 
for  vehicle  surveillance  appears  more  immediately  promising.  In  this  case  sensors  would  be  em¬ 
ployed  in  a  fixed  position  to  monitor  anticipated  routes  of  vehicle  travel,  this  is  an  advantage  over 
search-type  operations.  Tne  exhaust  of  any  vehicle  contains  various  constituents  present  at  much 
higher  levels  normally  encountered  in  the  ambient  atmosphere.  The  sensing  of  any  individual 
component  could  provide  a  basis  for  vehicle  detection,  while  variation  in  the  exhaust  composition 
of  different  vehicles  is  potentially  useful  for  classification  purposes.  Because  of  the  low  concen¬ 
tration  of  exhaust  chemicals  in  the  ambient  atmosphere,  there  should  be  a  low  false-alarm  rate. 

Possibly  the  past  presence  of  vehicles  could  be  evaluated  by  determining  residual  exhaust 
chemicals.  Recent  interest  m  development  of  air  quality  instruments  for  monitoring  exhaust  pol¬ 
lutants  should  have  significant  impact  on  technology  applicable  to  sensor  development  for  vehicle 
surveillance,  In  comparison  with  certain  other  sensor  concepts,  chemical  sensors  would  not  have 
disadvantages  associated  with  requirements  for  maintaining  an  interface  with  the  ground.  Possibly 
the  combination  of  chemical  sensors  with  other  types  of  detectors  could  enhance  detection  reliability 
or  target  classification  capabilities. 

The  purpose  of  this  study  was  to  evaluate  the  potential  foi  using  chemical  sensors  for  remote 
surveillance  of  vehicles  for  Remotely  Monitv.ed  Battlefield  Sensor  System  (REMBASS).  Specific 
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objectives  included.  1)  determine  the  feasibility  cf  vehicle  detection/classification,  2)  evaluate 
concepts  suitable  for  use  in  development  of  chemical  sensors,  and  3)  recommend  performance 
characteristics  and  physical  properties,  and  develop  criteria  for  selected  chemical  censor  concepts. 

To  accomplish  these  objectives  within  the  time  frame  available,  the  program  was  conducted 
jointly  by  tue  U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory,  Edgewood  Arsena1 
and  the  U.S.  Acmy  Tank  Automotive  Command.  Participation  of  each  laboratory  in  the  various 
aspects  of  the  program  was  defined  as  follows. 

USA  CR1>.<.  L:  '.)  Coordinate  Lie  overall  program,  2)  determine  the  feasibility  of  military 
vehicle  detection,  3,  determine  the  feasibility  of  military  vehicle  classification,  1)  publish  a  jointly 
prepared  final  report. 

EDGEWOOD  ARSENAL:  1)  Evaluate  existing  chemical  sensor  concepts  for  application  to 
REMBASS,  2)  evaluate  performance  of  existing  sensors  such  as  the  condensation  nuclei  detector 
and  the  Honeywell  ionization  detector  (Air  Force  Multiagent  Detector). 

USATACOM:  1)  Arrange  for  field  test  sites  and  a  cross  section  of  military  vehicles;  2)  pro¬ 
vide  necessary  support  in  conducting  field  tests,  3)  determine  characteristics  of  military  vehicles 
and  other  sensor  concepts. 

This  report  contains  the  collective  input  of  the  participating  laboratories. 


SUMMARY  AND  RECOMMENDATIONS 

A  study  was  conducted  to  evaluate  the  concept  of  using  remotely  placed  chemical  sensors  for 
vehicle  surveillance.  The  validity  of  this  approach  for  vehicle  detection  was  demonstrated  during 
field  trials.  Results  cf  field  and  laboratory  studies  indicate  that  classification  of  gasoline  and 
diesel  vehicles  based  on  differences  in  exhaust  composition  should  be  feasible.  A  number  of 
chemical  sensor  concepts  were  found  to  have  potential  for  development  as  vehicle  detectors  or 
classifiers. 

Field  tests  were  held  at  Yuma,  Arizona  and  at  Warren  and  Grayling,  Michigan,  to  provide  a 
range  in  environmental  conditions  for  evaluating  the  concept  of  using  chemical  sensors  for  vehicle 
surveillance.  Detectability  of  a  variety  of  gasoline  and  diesel  powered  military  vehicles  was 
determined  at  each  sue  by  continuously  monitoring  several  major  exhaust  components  including 
combustion  particulates,  nitrogen  oxides,  hydrocarbons,  sulfu  compounds,  and  carbon  monoxide. 
Detection  of  particulate  matter  and  nitrogen  oxides  from  all  types  of  vehicles  was  highly  success¬ 
ful  at  downwind  ranges  up  to  390  m  and  150  m  respectively.  Longer  downwind  ranges  could  be 
obtained  with  lower  detection  probability.  Detection  of  sulfur  primarily  from  diesel  vehicles,  and 
hydrocarbons  from  gasoline  vehicles  was  obtained  at  downwind  ranges  up  to  35  m,  although  longer 
ranges  should  be  possible.  Based  on  these  results,  it  is  felt  that  the  feasibility  of  detecting 
ve»  icles  by  sensing  exhaust  chemicals  should  be  accepted  as  proven.  Limited  data  were  obtained 
in  wooded  L  u.v  on  the  use  of  detectors  placed  on  both  sides  of  the  vehicle  path  of  travel  to  avoid 
dependence  /ind  direction.  Although  the  range  of  detector  placement  was  limited  to  18  m  bp- 

cause  of  the  test  situation,  detection  reliability  was  found  to  be  100%  after  a  large  number  of  trials. 
No  false  signals  were  observe,  during  field  tests  ip  remote  locations.  Although  signals  due  to 
pollution  sources  were  pr  -nt  during  tests  at  Warren,  the  characteristics  of  the  respon  of  chemical 
monitors  to  polluiant  sources  were  considerably  different  from  those  of  the  response  to  vehicles. 
Vehicle  detection  was  possible  when  monitoring  a  roadway  downwind  from  a  heavily  traveled  road. 
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In  exploring  possibilities  for  vehicle  classification,  a  laboratory  study  was  conducted  to  deter¬ 
mine  the  molecular  composition  of  the  organic  fraction  of  military  vehicle  exhausts.  Generally,  no 
significant  differences  were  noted  in  the  limited  number  of  exhaust  samples  collected  from  only 
gasoline  vehicles,  or  in  exhaust  samples  collected  from  only  diesel  vehicles;  however,  the  charac¬ 
teristics  of  the  organic  emissions  from  these  two  classes  of  vehicles  were  sufficiently  different  to 
provide  a  basis  for  classification.  This  would  permit  the  distinction  between  l.ght-  and  heavy¬ 
weight  military  vehicle  traffic,  or  possibly,  between  civilian  and  military  traffic. 

Another  approach  to  the  same  level  of  classification  is  based  on  differences  in  the  composition 
of  major  exhaust  components.  Available  evidence  from  field  tests  and  other  sources  suggests  that 
particulate  matter,  nitrogen  oxides,  and  carbon  dioxide  should  be  indicative  of  both  gasoline  and 
diesel  vehicles.  Sulfur  compounds  would  favor  the  presence  of  a  diesel  vehicle,  while  hydrocarbons 
and  carbon  monoxide  should  be  indicative  of  the  presence  of  gasoline  vehicles.  By  combining  two 
simple  detectors  to  form  a  classifier  unit,  it  should  be  possible  either  directly  or  deductively  to 
distinguish  between  diesel  and  gasoline  vehicles. 

Trade-off  analysis  of  chemical  sensor  concepts  that  appeared  most  applicable  to  the  detection 
of  vehicles  by  remotely  placed  sensors  indicated  that  condensation  nuclei,  surface  adsorption,  and 
Honeywell  ionization  detectors  ranked  in  decreasing  order.  Chemical  classifiers  were  configured 
from  pairs  of  chemical  sensors  which  in  order  of  preference  included  the  dual  Honeywell  ionization 
system,  ihe  condensation  nuclei/Honeywell  ionization  classifier,  the  dual  surface  adsorption 
classifier,  and  the  condensation  nuclei/surface  adsorption  classifier. 

Before  considering  other  possible  alternatives,  the  above  concepts  should  be  evaluated  in 
detail.  However,  it  is  not  necessary  to  study  each  approach  individually  since  only  three  types  of 
sensors  are  recommended.  The  characteristics  of  the  condensation  nuclei  detector  are  fairly  well 
established,  so  -n  this  case  a  feasibility  study  is  not  critical  except  for  exploring  the  possibility 
of  operating  below  freezing  temperatures.  However,  an  in-depth  evaluation  should  be  made  to 
determine  whether  the  Honeywell  ionization  and  surface  adsorption  sensors  can  be  optimized  to 
respond  as  required  to  individual  exhaust  components.  Once  this  information  is  available,  tin  use 
ol  these  sensors  alone,  or  combined  with  each  other  or  other  sensors,  can  be  objectively  evaluated. 

Although  other  types  of  sensor  concepts  such  as  seismic,  acoustic,  magnetic,  electromagnetic, 
thermal  imagery,  and  electro-optical  techniques  could  not  be  considered  within  the  scope  of  this 
study,  USATACOM  has  collected  signature  data  for  a  variety  of  vehicles,  using  some  of  these 
sensors,  while  conducting  work  for  the  Defense  Special  Projects  Group.  This  experience  has  shown 
the  necessity  of  developing  a  variety  of  sensor  devices  since  each  technique  has  characteristics 
that  limit  its  usefulness  depending  on  target  type,  and  environmental  and  tactical  situations. 

The  general  advantages  of  chemical  sensors  appear  to  be  low  false-alarm  rate  and  a  lack  of 
susceptibility  to  problems  resulting  from  the  requirement  of  some  other  sensors  for  ground  inter¬ 
facing.  Chemical  sensors  seem  equal  or  superior  to  other  sensors  in  terms  of  detection  range  for 
vehicles.  A  combination  of  two  chemicoi  sensors  appears  useful  for  limited  vehicle  classifications. 
Chemical  sensors  would  normally  respond  only  to  vehicles,  this  is  a  certain  level  of  classificalion. 

Chemical  sensors  also  have  disadvantages.  Although  their  >init  costs  may  ultimately  be  com¬ 
petitive  in  many  cases,  development  costs  to  reach  the  state  of  the  art  of  other  sensor  devices  are 
higher  because  of  a  lack  of  previous  development  support.  (It  is  estimated  that  over  1,6  billion 
dollars  have  been  expended  through  1971  on  nonchemical  intrusion  detection  systems.)  Chemical 
sensors  are  generally  more  complex  than  other  sensor  types  and  generally  have  high  power  require¬ 
ments  on  the  order  of  several  watts  which  would  limit  the  period  of  unattended  use.  The  response 
of  chemical  sensors  is  highly  dependent  on  wind  conditions  although  evidence  indicates  that  the 
downwind  placement  requirement  can  be  overcome  by  proper  placement  of  two  detectors.  Even 
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for  other  types  of  detectors,  proper  placement  is  essential  to  provide  an  acceptable. level  of 
detection  at  a  low  falsis-alarm  rate.  For  chemical  sensors,  response  can  essentially  be  in  real 
time  after  acquisition  of  exhaust  vapors,  however,  effective  response  time  varies  with  factors  such 
as  wind  speed  and  range  which  determine  the  period  of  movement  of  exhaust  vapor  from  the  vehicle 
to  detector  site. 

No  serious  consideration  has  been  given  to  the  possibility  of  using  chemical  sensors  and  other 
types  of  sensors  in  com'oina*ion  to  improve  surveillance  capabilities.  However,  it  seems  probable 
that  the  combination  of  chemical  sensors  with  other  sensors  could  permit  personnel-versus-vehicle 
classification  with  a  high  degree  of  reliability.  The  use  of  other  sensors  to  trigger  chemical  sensors 
could  provide  complementary  information  while  reducing  the  power  requirement  of  the  chemical  unit. 
While  this  study  has  considered  the  use  of  chemical  sensors  only  for  vehicle  surveillance  primarily 
along  roads,  other  applications  include  conducting  bridge  security  operations,  monitoring  waterways 
for  boat  traffic,  and  surveillance  of  remote  airfields.  Specific  recommendations  based  cn  this  study 
are: 


1.  The  condensation  nuclei  detector  should  be  considered  for  immediate  inclusion  in  the 
REMBASS  system. 

2  Studies  should  be  supported  to  extend  the  operational  capability  of  the  condensation  nuclei 
detector  for  operation  in  cold  regions. 

3.  Because  of  the  advantages  in  size,  weight,  and  unit  cost  of  the  surface  adsorption  detec¬ 
tor,  a  continuing  program  ohould  be  supported  to  develop  adequate  sensitivity  and  performance  for 
REMBASS  application. 

Feasibility  studies  to  fully  exploit  ?'  .  potential  of  the  Honeywell  ionization  detector  for 
REMBASS  applications  should  be  supported. 

5.  A  limited  study  should  Lk,  supported  * )  determine  optimum  deployment  requirements  for  any 
chemical  sensor  system  in  a  variety  of  tactical  environments. 

6.  A  study  should  be  conducted  to  .aluate  the  combination  of  chemical  sensors  with  other 
sensor  systems  for  application  in  the  REMBASS  program. 

A  vehicle  exhaust  gas  signature  program  should  be  conducted  to  provide  a  base  line  for 
future  vehicle  classification  systems. 


MILITARY  VEHICLE  CHARACTERISTICS 

The  detectability  of  exhaust  gas  components  is  influence  !  by  vehicle-related  characteristics 
which  determine  total  exhaust  volume  and  composition.  The  n  ore  obvious  of  these  characteristics 
are  engine  type,  fuel  type  and  grade,  and  operating  conditions.  These  iables  probably  have  an 
even  more  significant  impact  on  the  possibility  of  classification  of  vehicles  by  exhaust  analysis. 
Consequently,  an  attempt  was  made  during  field  tests  to  gain  experience  with  a  range  in  types  of 
military  vehicles. 

The  characteristics  of  engines  of  common  U.S.  Army  vehicles  ranging  from  the  '/4-ton  utility 
truck  to  the  main  battle  tank  are  shown  in  Table  I.  Some  of  these  vehicles,  while  no  longer  employed 
by  the  Army,  are  currently  used  by  National  Guard  units.  Many  of  the  vehicles  aie  in  the  arsenals 
of  friendly  nations.  Unfortunately,  it  was  not  possible  to  schedule  tests  of  foreign  military  vehicles. 
However,  Soviet  Bloc  vehicles  that  correspond  to  U.S.  vehicles  are  identified  m  Table  I  for  com¬ 
parison.  Engine  characteristics  of  the  Soviet  vehicles  are  also  summarized  m  Table  I.  Currently 
the  larger  logistical  vehicles  and  the  armored  tactical  vehicles  of  both  U.S.  and  Soviet  equipment 
1  USAREUR  PAM  3000-1,  Identification  handbook,  Soviet  and  satellite  ordnance  equipment,  sixth  revised 
edition. 
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Table  I.  Engine  characteristics  of  military  vehicles. 


U.S.  vehicles 


Vehicle 

Type 

Cyl 

Cu  in. 
disp 

HP 

Comp  ratio 

Cooling 

Fuel 

Comparable 

Soviet 

M151 

14  ton 

4 

141.5 

71 

7.5:1 

liquid 

gasoline 

UAZ69 

M38A1 

14  ton 

4 

134 

72 

6.9:1 

liquid 

gasoline 

UAZ69 

o 

M715 

114  ton 

6 

230.5 

132.5 

7.5:1 

liquid 

gasoline 

GAZ66 

o 

M3bAS 

214  ton 

6 

427 

140 

20:1 

:  liquid 

diesel 

ZIL 157 

II 

M809 

5  ton 

6 

855 

250 

15.5:1 

liquid' 

diesel 

o 

M123A1 

10  ton 

8 

785 

300 

16.9:1 

liquid 

diesel 

KRAZ2SSB 

V 

Ml  13 

APC 

8 

361 

194 

,  7.8:1 

liquid 

gasoline 

BTR50P 

M113A1 

APC 

6 

318 

202 

21.5:1 

liquid 

diesel 

BTR50P 

M551 

tank 

6 

318 

300 

17:1 

liquid 

diesel 

- 

M48A1 

tank 

12 

1792 

810 

6.5:1 

air 

gasoline 

T54 

’  *  ** 

M60A1 

tank 

12 

‘  1791 

750 

16:1 

air 

diesel 

T55 

o'  ~  CC- 
l  0  ' 

*  o 

« 

Soviet  Bloc  vehicles 

Cu  in. 

Comparable 

\  * 

Vehicle 

Type 

Cyl 

disp 

HP 

Comp  ratio 

Cooling 

Fnel 

U.S. 

$ 

‘ 

UAZ69 

14  ton 

4 

149 

70 

6.6:1 

water 

gasoline 

M151 

* 

^  o 

GAZ66 

114  ton 

8 

259 

110 

6.8:1 

water 

gasoline 

M715 

ZIL157 

214  ton 

6 

339 

109 

6.2:1 

water 

gasoline 

M35A2 

KRAZ255B 

10  ton 

8 

90S 

240 

16.5:1 

water 

diesel 

M123 

BTR50P 

APC 

6 

1166 

237 

15:1 

water 

diesel 

M113A1 

T55 

tank 

12 

2367 

572 

14.5:1 

water 

diesel 

M60A1 

1 

n 

&  ° 
o 


are  diesel  powered,  while  the  lighter  utility  vehicles  are  gasoline  powered.  Compression  ratios  of 
the  Soviet  vehicles  tend  to  be  lower  than  those  of  the  U.S.  counterparts,  possibly  providing  some 
basis  for  expecting  chemical  signature  differences.  In  addition,  the  Soviet  battle  tank,  the  T55, 
is  liquid  cooled,  whila  the  U.S.  M60A1  battle  tank  is  air  cooled.  This  may  resul‘  !i  a  variation  in 
engine  operating  temperature  which  could  be  reflected  by  a  difference  in  chemical  signature. 

The  amount  of  exhaust  gas  emitted  by  each  vehicle  is  determined  by  both  the  displacement  of 
its  engine  and  the  engine  speed  at  which  the  vehicle  operates.  For  example,  the  M60A1  tank  with 
a  turbo-charged  1791-in.’  displacement  engine  expels  approximately  175  lb  of  exhaust/min  when 
traveling  30  mph.  Other  vehicle  engines  would  expel  considerably  less  exhaust  il  they  were  naturally 
aspired,  had  smaller  displacement,  or  were  run  at  lower  speed. 

in  consideration  of  what  is  in  store  for  military  vehicles  over  the  next  15-year  period,  the  same 
general  types  of  vehicles  and  power  plants  that  are  currently  in  the  military  vehicle  arsenal  will 
probably  continue  in  usage.  For  -%-ton  and  lVi-ton  infantry  support  vemcles,  gasoline  will  continue 
to  be  used  as  fuel  in  conventional  engines.  For  2'/rton  and  larger  vehicles  diesel  power  wrl  be 
employed.  Engine  types  such  as  the  turbine  and  rotary  piston,  while  under  research  and  develop¬ 
ment  for  potential  military  application,  are  not  currently  in  use  m  any  standard  issue  vehicles.  In 
the  1985  to  1990  time  frame,  some  turbine  powered  vehicles  may  be  developed,  particularly  for  high- 
mob;’ ity  combat  missions. 
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There  are  three  types  of  U.S.  military  diesel  fuels  for  regular,  winter,  and  arctic  use.2  The 
regular  (DF2)  and  winter  (DFl)  grades  contain  no  sore  than  0.5%  sulfur,  whereas  the  arctic  grade 
(DFA)  sulfur  content  is  limited  to  0.15%.  The  winter  and  arctic  grades  have  increasingly  lower 
viscosities,  reflecting  a  higher  percentage  of  lighter  weight  hydrocarbons.  [The  sulfur  content  of 
Soviet  diesel  fuel  ranges  from  0.4%  for  arctic  grade  (A)  to  1%  for  regular  grade  (L).5]  There  are  two 
grades  of  gasoline  for  all-purpose  (lype  I)  and  low-temperaiure  (Type  £T)  use.4  Both  grades  are 
limited  to  0.15%  sulfur.  Fuels  coatam  various  additives  sucn  as  oxidation  and  corrosion  inhibitors, 
metal  deactivators,  and  antiknock  compounds  which  may  be  of  consequence  in  vehicle  detection  and 
classification.  In  this  regard  consideration  should  be  given  to  tagging  U.S.  fuels  with  additives 
which  are  identifiable  in  exha'ist  foe  detection  purposes. 

Values  of  tne  typical  concentration  of  prominent  exhaust  constituents  from  both  diesel  and  gaso¬ 
line  engines  are  shown  in  Table  n.  These  values  were  obtained  by  infrared  analysis  of  exhaust 
gases.  It  is  emphasized  that  these  values  can  vary  over  a  wide  range.  Also,  the  total  amounts  of 
exhaust  emitted  into  tae  atmosphere  vary  with  engine  physical  and  operating  characteristics.  The 
concentrations  of  nitrogen  oxides  and  carbon  dioxide  appear  comparable  for  both  diesel  and  gasoline 
engines.  Gasoline  engine  exhaust  may  contain  more  carbon  monoxide,  hydrogen,  and  hydrocarbons, 
while  diesel  engine  exhaust  contains  more  sulfur.  All  exhausts  contain  large  numbers  of  combus¬ 
tion  product  particulates.  These  differences  indicate  potential  for  classification  of  diesel  and  gaso¬ 
line  vehicles;  however,  the  exact  significance  in  terms  of  detection  or  classification  is  diffjrnfr 
to  judge  without  field  test  data  because  of  the  number  of  interacting  factors  which  influence  exhaust 
composition  downwind  from  the  vehicles.  Detailed  analysis  of  the  hydrocarbon  fraction  may  be  use¬ 
ful  for  classifications  of  the  various  types  of  diesel  and  gasoline  powered  vehicles. 

The  vehicles  included  in  the  field  tests  at  Yuma.  Arizona,  and  Warren  and  Grayling,  Michigan, 
to  be  discussed  later  are  indicated  in  Table  EH.  The  exhaust  from  a  number  of  these  vehicles  was 
sampled  for  detailed  molecular  analysis  in  the  laboratory  to  determine  if  differences  in  exhaust 
organic  compounds  might  be  useful  for  classification.  The  vehicles  tests  are  illustrated  in  the 
photos  shown  in  Figures  1-9.  The  M151  ‘Hon  logistic  carrier  (Fig.  1)  has  replaced  the  M38AX. 

The  M715  IH-ton  utility  truck  (Fig.  2)  is  the  current  issue  replacement  for  ’Hon  vehicles.  The 
M35A2  2‘,Hon  truck  (F lg.  3)  is  the  current  high  density  vehicle.  The  MS09  (Fig.  4)  and  M123A1 
(Fig.  5)  are  5-ton  and  10-ton  tractors.  The  diesel  M113A1  armored  personnel  carrier  (Fig.  6)  has 
replaced  the  gasoline  powered  Ml  13.  The  current  high-mobility  tank  is  the  M551  (Fig.  7).  The 
M48A1  gasoline  powered  mam  cattle  tank  (Fig.  8)  has  been  replaced  by  the  K60A1  (Fig.  9).  which 
is  diesel  powered  with  exhaust  gas  mixed  with  cooling  air. 

Table  n.  Chemical  composition  of  exhaust  from 
diesel  and  gasoline  engines. 


Typical  concentration  (%) 
Constituent  Diesel  Gasoline 


Carbon  dioxide 

9.0 

9.0 

Caibon  monoxide 

0.1 

4.0 

Hydrogen 

0.05 

2.0 

Hydrocarbons 

0.02 

0.5 

Nitrogen  oxides 

0.04 

0.06 

Salphus  dioxide 

0.02 

0.006 

2  Federal  Specification  VY-F-boOa  (lr'eS)  Fuel  oil,  diesel.  22Maj. 

’  Soviet  Specification  ST-CS-0  J-2.V71  (1071)  27  .tar,. 

4  Military  Specification  r!IL-G-.'J056C  <,067>  Ga^iline.  automotive,  corrbat.  31  Aug. 
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Table  m. 

Military  vehicles  included  in  field  studies. 

Sire 

Exhaust  sampled  tor 

Vehicle 

Varna 

Warren 

Grayling 

molecular  analysis 

M151A1 

G 

G 

G 

X 

117  IS 

G 

G 

G 

X 

U113 

G 

U 113  A1 

D 

X 

M809 

D 

D 

M123A1 

D 

D 

/> 

U35A2 

D 

D 

D 

X 

11551 

D 

X 

M48A1 

G 

1*50  A 1 

D 

X 

G  =  gasoline;  D  =  diesel 


Figure  l.  U.S.  'A-tou  vehicle,  HI 51. 
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Figure  5.  U.S.  10-ton  truck,  U123A1 
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Figure  6.  U.S.  APC,  Mxl3  and  M113AI. 
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In  conducting  field  tests  no  attempts  were  made  to  tune  the  vehicles  to  maximum  operating  per¬ 
formance.  They  were  run  "as  received,"  which  is  indicative  of  their  condition  under  normal  field 
operation  as  supported  by  organizational  and  direct  support  level  maintenance.  No  attempt  was 
made  to  obtain  the  newest  vehicle  available  in  each  class.  Consequently,  most  of  the  vehicles  had 
accumulated  a  considerable  number  of  miles  prior  to  the  field  tests.  All  vehicles  were  standard 
issue  with  regard  to  engine  and  power  train.  However,  in  some  cases  minor  modifications  had  been 
made  to  other  portions  of  the  vehicle  which  were  not  related  to  operating  parameters.  DF2  diesel 
fuel  and  Type-I  gar-oline  were  used  during  all  tests. 


FEASIBILITY  OF  VEHICLE  DETECTION 

In  order  to  evaluate  the  concept  of  military  vehicle  detection  using  chemical  sensors,  the  de¬ 
tectability  of  various  exhaust  components  from  vehicles  operating  under  field  conditions  was  de¬ 
termined  using  state-of-the-art  chemical  monitoring  equipment.  The  principal  objective  of  these 
field  trials  was  to  answer  the  following  questions: 

1.  Is  the  concept  of  chemical  detection  of  military  vehicles  valid? 

2.  What  detection  range  is  probable? 

3.  To  what  extent  do  local  environmental  conditions  affect  detection  capability? 

4.  What  kind  of  false-alarm  frequency  can  be  expected  under  various  environmental  conditions? 

5.  Do  background  concentrations  in  ambient  air  of  the  chemical  components  present  hi  engine 
exhaust  vary  significantly? 

Field  tests  designed  to  explore  these  questions  were  conducted  at  three  locations.  Yuma, 

Arizona,  Warren,  Michigan,  and  Camp  Grayling,  Michigan.  These  sites  were  chosen  to  provide  a 
variety  of  environmental  and  terrain  characteristics  while  taking  advantage  of  locations  with  a 
ready  supply  of  military  vehicles  available  for  testing.  The  Yuma  and  Camp  Grayling  sites  had  the 
added  advantage  of  electric  power  availability  in  relatively  remote  locations,  allowing  vehicle 
testing  without  the  complication  of  background  vehicle  traffic  or  pollution  sources. 

The  types  of  chemical  monitoring  equipment  used  during  field  tests  were  selected  to  meet 
several  criteria.  First,  the  equipment  was  specific  to  at  least  one  of  the  major  exhaust  components 
listed  in  Table  II.  The  equipment  had  real  time  response  characteristics  ( -2  sec),  and  as  high  a  sensi¬ 
tivity  as  is  currently  available.  Six  types  of  chemical  monitors  were  included  in  the  field  studies. 

A  condensation  nuclei  monitor  was  chosen  for  detection  of  particulates  because  of  its  lack  of 
response  to  dust  particles  as  well  as  its  high  sensitivity  to  vehicle  exhaust.  A  chemiluminescence 
monitor  was  included  because  of  its  sensitivity  to  nitrogen  oxides  which  are  prominent  exhaust 
components  out  which  are  found  at  very  low  levels  in  ambient  air.  Although  the  amounts  of  sulfur 
compounds  piesent  in  exhaust  are  small  compared  with  some  other  exhaust  components,  the  flame 
photometric  monitor  has  an  inherent  sensitivity  several  orders  of  magnitude  higher  than  most  in¬ 
struments  and  hence  was  also  included.  A  flame  ionization  hydrocarbon  analyzer  was  chosen  be¬ 
cause  of  its  combined  response  to  both  hydrocarbon  and  aldehyde  fractions  of  exhaust  as  well  as 
its  relatively  high  sensitivity.  An  infrared  absorption  analyzer  sensitive  to  carbon  monoxid-  was 
another  choice.  The  low  levels  of  carbon  monoxide  in  unpolluted  air  as  compared  with  the  concen¬ 
trations  found  m  engine  exhaust  made  it  a  likely  candidate.  The  sixth  system  chosen  for  field 
study  was  the  Honeywell  ionization  detector  or  the  Air  Force  Multiagent  Detector.  This  system, 
although  at  present  optimized  for  chemical  agent  detection,  was  generally  configured  for  field  use 
and  had  the  potential  advantage  for  modification  to  sense  several  different  exhaust  components. 
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Detection  equipment  sensitive  to  carbon  dioxide  was  considered  but  not  included  because  of  the 
high  level  of  carbon  dioxide  present  in  ambient  air.  A  hydrogen  detector  was  not  considered  since 
the  presence  of  hydrogen  gas  as  a  component  of  engine  exhaust  was  not  realized  initially  and  suitable 
equipment  was  not  readily  available. 

It  should  be  emphasized  that  the  major  objective  of  these  tests  was  to  evaluate  the  detectability 
of  the  individual  exhaust  components  under  field  conditions.  Field  configured  chemical  detectors 
were  concurrently  evaluated  when  available;  however,  these  were  limited  to  the  condensation  nuclei 
detector,  and  the  Honeywell  ionization  detector.  The  other  instruments  used  do  not  necessarily 
represent  the  types  of  equipment  best  suited  for  detector  development,  but  rather  represent  current 
state-of-the-art  laboratory  air  monitoring  devices. 


Field  Studies 


Yuma,  Arizona 

The  first  field  test  was  held  1-10  February  1972  at  the  Yuma  Proving  Ground,  Yuma,  Arizona. 
Because  this  was  the  first  exercise,  the  main  objective  was  to  determine  the  general  feasibility  of 
detecting  military  vehicles  operating  under  field  conditions  using  chemical  detectors.  We  also 
hoped  to  determine  the  detection  range  in  open  terrain  as  well  as  the  effect  of  wind  speed  and  dire-, 
tion  on  detection  capability.  Background  levels  of  the  various  chemicals  found  in  exhaust  were 
also  monitored  as  they  related  to  the  false-alarm  rate  that  might  be  expected  using  chemical  sensors, 
and  to  the  practical  lower  limit  of  sensitivity  for  detector  design. 

The  terrain  at  Yuma  is  gently  rolling  with  very  little  ground  cover,  as  can  be  seen  in  Figure  10- 
The  ambient  temperature  dining  this  time  of  year  ranges  from,the  low  40’s  to  the  middle  GO’  >  (°F). 
The  site  chosen  was  located  in  a  remote  section  of  the  Yuma  Proving  Ground  known  as  tb  ?  chemical 
test  area.  The  monitors  were  placed  r.o  sample  air  3  to  4  ft  from  the  ground.  The  test  are;-  (Fig.  11) 
was  arranged  to  allow  vehicle  traffic  to  be  monitored  at  various  distances  upwind  from  the  sampling 
station.  Two  portable  condensation  nuclei  detectors  were  arranged  100  and  200  m  further  downward 
sampling  at  ground  level  to  gain  as  much  information  on  detection  range  as  possible  from  each 
vehicle  pass.  During  the  course  of  the  test,  some  trials  were  made  with  the  portable  condensation 
nuclei  detectors  placed  upwind  of  the  vehicle  path  of  travel  to  determine  upwind  detection  capa¬ 
bility. 

The  results  of  the  Yuma  test  were  generally  quite  good  considering  this  was  the  first  such 
attempt  at  vehicle  detection.  Military  vehicles  were  shown  to  be  detectable  using  chemical  instru¬ 
mentation.  Data  for  '.ndividual  types  of  vehicles  are  not  shown.  Rather,  data  yete  combined 
according  to  diesel  or  gasoline  class.  The  condensation  nuclei  detector  was  clearly  the  most  sen¬ 
sitive  type  of  instrument  used  and  results  using  this  detector  at  various  downwind  ranges  are 
summarized  in  Table  IV.  The  condensation  nuclei  monitor  was  highly  sensitive  to  all  types  of 
vehicles  up  to  400  m  in  open  terrain.  At  greater  distances,  more  success  was  found  in  detecting 
the  larger  diesel  powered  vehicles  than  the  light-duty  gasoline  powered  ones.  The  response 
characteristics  of  this  detector  at  several  downwind  distances  are  shown  in  Figure  12.  The  mag¬ 
nitude  of  detector  response  of  two  400-yd  detections  differed  from  that  of  two  500-yd  detections 
(trials  2  and  3).  This  was  caused  by  variations  in  the  meteorology  and  the  fact  that  the  truck  was 
traveling  in  different  directions  for  the  two  trials.  In  one  trial,  the  exhaust  pipe  was  pointing 
towards  the  detectors  and  was  not  affected  by  the  turbulence  created  by  the  truck.  In  the  other 
trial,  the  exhaust  pipe  was  pointed  away  from  the  detectors  and  the  exhaust  passed  through  the 
turbulence  before  it  could  reach  the  detectors.  In  one  trial,  the  exhaust  cloud  was  dispersed,  re¬ 
sulting  in  a  longer  time  of  exposure  to  the  detector.  In  the  other  situation,  the  exhaust  cloud  was 
narrow  and  passed  by.  the  detector  more  rapidly.  This  influence  of  exhaust  pipe  location  on  de¬ 
tector  response  characteristics  was  observed  for  many  types  of  vehicles. 


VEHICLE  DETECTION/CLASSIFICATION  USING  CHEMICAL  SENSORS 


Figure  10.  Site  characteristics,  Yuma,  Arizona. 


Figure  11.  Test  area,  Yuma,  Arizona. 
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Table  IV.  Detection  ot  military  vehicles  at  various  downwind  distances 
in  open  terrain  using  a  condensation  nuclei  detector. 


Range 

(m) 

Vehicle  type* 

Diesel 

Gasoline 

Total 

Trials 

Detections 

Trials 

Detections 

Trials 

Detections 

18 

12 

12 

10 

10 

22 

22 

35 

29 

29 

10 

10 

39 

39 

135 

21 

20 

11 

9 

32 

29 

235 

18 

16 

11 

& 

29 

25 

290 

15 

14 

5 

3 

20 

17 

400 

23 

21 

12 

5 

35 

26 

500 

19 

14 

12 

2 

31 

16 

600 

6 

4 

6 

1 

12 

5 

♦Data  obtained  for  the  various  diesel  vehicles  and  gasoline  vehicles  tested  are  combined 

under  each  heading. 


Trio?  3  Triol  2  Trial  I 


Figure  12.  Typical  responses  ot  condensation  nuclei  detectors  to  M123  10-ton 
diesel  truck  operating  in  open  terrain  with  10-mph  wind  speed. 


Some  of  the  other  chemical  senrcr  systems  also  met  with  considerable  success,  their  results 
are  summarized  in  Table  V.  The  Honeywell  ionization  detector  and  the  chemiluminescence  monitor 
were  highly  successful  m  detecting  vehicles  at  the  18  and  35-m  ranges.  Their  response  character¬ 
istics  as  compared  with  those  of  the  condensation  nuclei  detector  are  given  in  Figure  13.  The 
flame  photometric  unit  responded  at  ranges  up  to  35  m  for  diesel  vehicles  but  was  not  sensitive  at 
these  ranges  to  gasoline  powered  ones.  The  flame  ionization  monitor  was  subject  to  operational 
problems  during  the  tests  but  at  times  responded  to  gasoline  powered  vehicles.  The  infrared  car¬ 
bon  monoxide  monitor  was  inoperable  during  testing  so  results  for  this  system  ore  not  given.  In 
several  cases  detection  at  35  m  was  better  than  at  18  m.  This  was  generally  the  re&'ilt  for  several 
types  of  vehicles  whose  exhausts  were  thrown  high  into  the  air  and  did  not  descend  u  bround  level 
within  the  18-m  distance. 

The  detection  data  shown  in  Tables  IV  and  V  are  conservative  since  changes  in  wind  direction 
after  initiation  of  a  trial  prevented  detection  m  some  cases.  This  was  particularly  true  at  larger 
ranges. 
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Table  V.  Detectiou  of  military  vehicles  at  various  downwind  distances. 


Vehicle  type* 


Range 

Diesel 

Gasoline 

Total 

Sensor  type 

(m) 

Trials 

i  Detections  T  ‘ 

Trials 

Detections  t  Trials  Detections' f 

Open  Terrain 

Condensation  nuclei 

18 

12 

12 

10 

10 

22 

22 

(Combustion  particulates) 

35 

29 

29 

10 

10 

39 

39 

150 

3 

3 

0 

0 

3 

a 

290 

15 

14 

5 

3 

20 

17 

400 

23 

21 

12 

5 

35 

26 

Chemiluminescence 

18 

14 

10 

8 

8 

22 

18 

(Nitrogen  oxides) 

35 

23 

22 

6 

6 

29 

28 

150 

4 

4 

.) 

0 

4 

4 

290 

14 

10 

6 

0 

20 

10 

400 

13 

8 

6 

0 

19 

8 

Honeywell  ionization 

18 

9 

8 

16 

15 

25 

23 

(Unknown) 

35 

32 

30 

21 

13 

53 

43 

290 

18 

7 

8 

1 

26 

8 

400 

12 

8 

8 

0 

20 

8 

Flame  photometric 

18 

14 

5 

10 

2 

24 

7 

(Sulfur) 

35 

23 

18 

10 

0 

23 

18 

150 

3 

0 

0 

0 

3 

0 

290 

15 

0 

6 

0 

21 

0 

400 

12 

0 

6 

0 

18 

0 

Flame  ionization 

18 

17 

0 

10 

3 

27 

3 

(Hydrocarbons) 

35 

19 

0 

10 

2 

29 

2 

150 

1 

0 

0 

0 

1 

0 

290 

12 

0 

6 

1 

18 

1 

400 

8 

0 

6 

1 

14 

1 

Urban  Environment 

Condensation  nuclei 

12 

20 

20 

10** 

6 

30t 

26 

(Combustion  particulates) 

17 

18 

18 

10 

10 

28 

28 

27 

25** 

21 

21** 

19 

46** 

40 

Chemiluminescence 

12 

20 

18 

10** 

0 

30** 

18 

(Nitrogen  oxides) 

17 

18 

18 

10 

9 

28 

27 

27 

25** 

21 

21** 

9 

46** 

30 

Flame  photometric 

12 

20 

14 

10** 

0 

30** 

14 

(Sulfur) 

17 

18 

18 

10 

0 

28 

18 

27 

23** 

10 

21** 

0 

44** 

10 

Flame  ionization 

12 

20 

2 

.0 

7 

30 

9 

(Hydrocarbons) 

17 

18 

1 

9 

4 

27 

5 

27 

25** 

1 

21** 

3 

46** 

4 

o 
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Table  V  (Cont'd).  j 

_ Vehicle  type  * _  ; 

Range  _ Diesel _  _ Gasoline _  _ Total _  ! 

Sensor  type  (m)  Trials  Detections' f  Trials  Detections!  Trials  Detection  it  \ 


Wooded  Terrain 


Condensation  nuclei 

27 

16 

16 

50 

46 

66 

62 

(Combustion  particulates) 

88 

6 

6 

11 

9 

17 

15 

Chemiluminescence 

27 

16 

15 

50 

33 

66 

48 

(Nitrogen  oxides) 

88 

6 

2 

11 

6 

17 

8 

Honeywell  ionization 

27 

41 

19 

40 

11 

81 

30 

(Unknown) 

88 

6 

0 

10 

1 

16 

1 

Flame  photometric 

27 

16 

2 

50 

0 

66 

2 

(Sulfur) 

88 

6 

0 

11 

0 

17 

C 

Flame  ionization 

?7 

16 

0 

50 

12 

66 

12 

(Hydrocarbons) 

88 

6 

0 

11 

0 

17 

0 

’Data  obtained  fot  the  various  models  ol  gasoline  and  diesel  vehicles  tested  ate  combined  under  each  heading, 
tin  some  cases  no  detection  was  made  because  of  shift  in  wind  direction  after  beginning  a  trial. 

**No  chance  of  detection  in  some  cases  due  to  interference  from  local  pollution  sources. 
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Wind  conditions  were  aa  extremely  important  factor  to  detection  capability.  Wind  speed  dining 
the  test  period  varied  considerably  from  about  15  to  20  mph  on  some  days  to  a  dead  calm  on  ethers. 
Detection  upwind  of  the  vehicle  path  of  travel  was  impractical  even  a  few  meters  from  the  roadway. 
This  indicates  a  requ’rement  for  at  least  two  detectors,  one  placed  on  each  side  of  the  roadway,  for 
successful  vehicle  detection  in  open  terrain.  Detection  capability  also  suffered  severely  during 
zero  wind  conditions,  where  most  of  the  exhaust  tended  to  rise  rather  than  diffuse  laterally.  High 
wind  conditions  did  not  seem  to  present  particular  difficulty  but  resulted  in  narrower  peak  widths 
in  detector  response  characteristics,  particularly  at  close  range.  Except  under  calm  conditions, 
the  exhaust  tended  to  remain  close  to  the  pound  and  follow  terrain  features,  indicating  that  detec¬ 
tors  can  be  placed  at  pound  level  to  minimize  discovery  by  enemy  forces. 

By  monitoring  the  chemical  parameters  on  a  24-hour  basis  the  false-alarm  rate  was  shown  to  be 
zero.  In  all  cases,  an  unexpected  signal  was  attributable  to  other  vehicles  operating  in  the  general 
vicinity  of  the  test  site,  in  fact,  many  times  these  vehicles  were  not  observed  until  after  a  response 
was  noted  on  the  detection  equipment. 

Warren,  Michigan 

The  second  field  test  was  scheduled  for  5-11  April  1972  at  USATACOM  in  Warren,  Michigan. 
This  site  is  located  within  metropolitan  Detroit,  where  backpound  levels  of  exhaust  chemicals  are 
expected  to  be  considerably  high  *  than  those  found  at  Yuma.  The  objective  of  this  test  was  to 
determine  the  effect  of  high  and  variable  backpound  levels  of  exhaust  chemicals  on  detection  range 
using  chemical  instrumentation.  The  second  objective  was  to  investigate  the  false-alarm  rate 
caused  by  operating  near  pollution  sources.  Finally,  the  third  objective  was  to  determine  the 
possibility  of  using  chemical  monitoring  equipment  to  observe  a  vehicle  operating  at  close  range 
downwind  from  a  heavily  traveled  roadway. 

The  test  site  was  located  on  the  pounds  at  USATACOM  (Fig.  14).  The  test  procedure  utilized 
existing  roadways  around  the  open  area  indicated  as  the  test  area  in  the  illustration.  Variable 
range  was  achieved  by  moving  the  equipment  which  was  mounted  in  a  mobile  van.  The  Honeywell 
ionization  detector  was  not  available  for  this  test,  but  the  other  monitors  were  the  same  as  those 
used  at  Yuma.  The  temperature  during  the  testing  varied  from  20°F  to  5C°F.  Wind  conditions  were 
generally  lighter  and  more  variable  than  those  found  at  Yuma  and  tests  were  run  only  when  the 
chemical  monitors  were  in  a  position  to  be  downwind  of  the  vehicle  path. 

Data  from  all  vehicles  were  combined  into  diesel  and  gasoline  classes.  The  results  of  the 
Warren  test  (Table  V)  indicate  that  the  usable  range  of  a  chemical  detector  would  be  considerably 
less  in  an  urban  environment  that  that  in  a  remote  one.  This  is  primarily  due  to  the  higher  back¬ 
ground  levels  of  exhaust  chemicals  found  in  the  urban  atmosphere.  False  alarms  were  encountered 
when  the  monitoring  system  was  directly  downwind  of  a  coal  burning  power  plant  located  less  than 
3C0  m  from  the  test  site.  The  response  to  this  type  of  false  alarm  was  large  but  had  a  different 
peak  shape  and  duration  than  that  caused  by  a  passing  vehicle. 

Experience  during  the  tests  at  Warren  showed  that  it  is  possible  to  detect  a  vehicle  passing 
at  close  range,  downwind  from  a  heavily  traveled  road.  The  background  traffic  at  a  distance  of  a 
half  mile  oi  so  caused  an  increased  base-line  level  of  exhaust  chemicals  but  no  distinguishable 
response  peaks.  The  net  effect  would  be  a  smaller  effective  detection  range  when  operating  under 
these  conditions.  The  overall  experience  gained  at  Warren  indicated  that  it  is  possible  but  con¬ 
siderably  m  e  difficult  to  engineer  a  chemical  detector  to  operate  in  an  urban  environment  than 
in  a  remote  one. 
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Figure  14.  Site  ch3i2ctezisti.es.  Wanes.  Michigza. 


Camp  Grayling,  Michigan 

The  third  and  final  field  trial  was  held  12-20  April  1972  at  Carp  Grayling.  Michigan.  The 
main  objective  of  this  test  was  to  determine  the  effect  of  wooded  terrain  eo  detection  range.  The 
second  objective  was  to  explore  any  problems  associated  with  operation  on  snow  covered  terrain. 
The  third  objective  was  to  determine  if  proper  placement  of  two  detectors  conld  give  a  high  proba¬ 
bility  of  detection  independent  of  wind  conditions. 

The  site  chosen  for  this  field  test  was  located  within  a  forested  area  of  the  camp,  as  shown 
in  Figure  15.  The  ground  had  1  to  2  ft  of  snow  cover  at  the  beginning  of  the  test  and  temperatures 
ranged  from  30  to  50°F.  Wind  conditions  during  the  tests  were  generally  light  and  variable. 

The  test  area  is  shown  in  Figure  16. 

The  chemical  monitors  and  detectors  used  in  this  test  were  identical  to  those  used  at  Yuma. 
Most  of  the  equipment  was  mounted  in  two  mobile  vans  located  within  *he  limits  of  the  forest.  Air 
was  sampled  3  to  4  ft  above  the  surface.  The  Honeywell  ionization  detector  was  placed  slightly 
forward  of  van  A  and  sampled  at  a  height  Of  2  ft.  Portable  condensation  nuclei  detectors  were 
deployed  at  8  and  18  m  respectively  cn  either  side  of  the  main  trail  and  sampled  at  ground  level. 

The  results  of  the  Camp  Grayling  test  are  given  in  Table  V.  The  range  of  detection  within  a 
wooded  area  was  more  limited  than  that  observed  in  open  terrain.  This  is  thought  to  be  due  to  a 
more  efficient  dispersal  of  the  exhaust  cloud  in  a  forest.  Turbulence  caused  by  air  moving  though 
the  trees  was  probably  responsible  for  this  effect.  No  problems  were  observed  in  connection  with 
operations  under  conditions  of  snow  cover.  Condensation  nuclei  monitors  placed  directly  on  snow 
operated  proparly,  although  ambient  temperatures  were  generally  above  freezing. 
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txocepl  is  erSr?^e.:y  iagertarg.  far  practical  esa  cf  csassacal  seasors.  Further  evaluation  msder  a 
vzrieay  off  tdxsb  asd  esrirossazi  aEdaacs  to  establish  usages  that  can  be  obtained  Independent 
cf  aafl  ccoditiccs  is  essential.  "Ibe  ctafeasztse  cx!si  defector  szs  again  the  cost  successful 
sensor  for  cola  detect ka  reliability  and  Placemens  off  detectors  near  the  grassd  prosed 

successful  in  wooded  terrain.  which  woeid  again  allow  easy  concealment-  False  alarms  ware  ed 
encocsstered  during  the  Casn  Grayling  test- 


SsEsziy  of  Field  Tests 

Ibe  objective  of  the  overall  field  test  program  was  to  evaluate  the  detectability  of  military 
vehicles  operating  under  field  conditions,  using  state-of-the-art  chemical  instrumentation.  This 
was  done  in  remote  open  terrain,  an  urban  environment,  and  a  remote  wooded  location.  In  all  cases 
the  vehicles  proved  to  be  highly  detectable,  as  shown  in  Table  VL 

Of  the  six  types  of  sensors  chosen  for  field  study,  the  condensation  nuclei  d elector  was  by  far 
the  most  reliable  detection  system.  In  open  terrain  it  had  a  detection  range  of  up  to  400  m.  with  a 
reduced  detection  probability  at  ranges  up  to  600  m.  Althoagh  this  range  would  be  less  in  an  urban 
or  wooded  environment,  it  would  still  be  sufficient  to  ensure  placement  far  enough  from  -  roadway 
to  avoid  easy  detection  by  enemy  forces.  The  current  M3  Personnel  Detector  is  based  on  the  con¬ 
densation  nuclei  concept. 

The  other  two  systems  that  showed  reasonable  detection  capability  were  the  chemiluminescence 
monitor  and  the  Honeywell  ionization  detector  (Air  Force  Multiagent  Detector).  The  chemilumines¬ 
cence  monitor  was  similar  to  the  condensation  nuclei  detector  in  that  it  responded  universally 
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to  all  vehicles.  Tbe  Honeywell  ionization  d elector  in  its  present  configuration  seemed  to 
respond  more  to  diesel  powered  vehicles  but  also  detected  gasoline  vehicles.  Both  systems  have 
a  considerably  shorter  effective  range  in  their  present  configuration  than  the  condensation  nuclei 
detector.  The  Honeywell  ionization  detector  should  be  evaluated  and  modified  if  necessary  for 
response  to  individual  exhaust  components  before  farther  field  testing. 

Tbe  flame  photometric  monitor  responded  at  usable  range  only  to  diesel  powered  vehicles. 

The  flame  ionization  monitor,  on  the  other  band,  was  sensitive  only  to  gasoline  powered  vehicles. 
Hence,  neither  system  would  be  useful  as  a  universal  vehicle  detector.  The  infrared  monitor  used 
for  carbon  monoxide  detection  did  not  prove  successful  during  test  runs  when  it  was  operational; 
this  may  have  been  due  to  the  configuration  of  the  particular  monitor  used.  Tbe  preliminary  tests 
ran  on  the  surface  adsorption  sensors  were  encouraging  at  short  range.  Modifications  allowing 
optimization  for  use  under  field  conditions  are  required  before  further  testing  can  be  conducted. 

In  further  tests,  it  would  be  worthwhile  to  include  monitors  for  carbon  dioxide  and  hydrogen. 

Wind  direction  was  determined  to  be  an  extremely  important  factor  in  vehicle  detect  ion  capability. 
Upwind  detection  of  vehicles  proved  to  be  impractical  in  open  terrain,  and  limited  in  a  forested 
environment.  Tests  run  with  detectors  placed  on  both  sides  of  the  antiepated  vehicle  path,  mde- 
pent  erf  wad  direction,  proved  highly  successful.  More  study  io  required  to  evaluate  the  generality 
of  this  approach.  Study  is  also  required  to  determine  if  this  type  of  placement  allows  detection 
during  a  completely  calm  condition  in  open  terrain 
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U  wzs  also  desessrked  tfeas  tbs  exssoS  deed  pcodaced  by  a  saving  «£ide  tesisd  'o  remain 
osar  ice  ggtraad  ia  all  ktraaicRS  lessed.  This  allows  dezeczoc  piaceoecs  as  grecsd  level.  pasaEing 
easy  ccoceafaesa.  Tbs  passim  eff  lie  ezbzssc  pipe  seemed  lo  have  a  sorted  effete  loo.  Bben 
tbs  pipe  poise ed  sgswind  off  tie  vehicle,  tie  vehicle's  own  Kahcksge  seared  to  spread  tbs 

deed,  resell Fg  in  a  broad  response  peak.  Seen  tbs  pipe  was  ptskaing  downwind,  a  rrrh  sharper 
peat  resdied.  This  dfecs  was  coned  repeatedly  in  all  three  locations  tested. 

Finally,  tire  falsa-alars  rase  desernsred  b  both  resoce  locations  was  retcally  zero.  In  tire 
erten  test,  false  alarms  from  close  pdlakn  sontes  were  noted  bet  these  generally  bad  different 
ctetterisius  frees  detections  reselling  from  a  vehicle  passing  at  close  range. 


FEASIBILITY  OF  VEHICLE  CLASSIFICATION 


tmri^l  consideration  off  using  chemical  sensors  to  classify  vehicle  type  indicated  a  high 
probability  for  differentiating  between  diesel  and  gasoline  powered  vehicles  owing  to  differences 
in  engine  design,  operating  characteristics,  and  feel  composition.  Since  bosh  domestic  and  foreign 
mmncfactirers  earnestly  ess  diesel  engines  exclusively  in  ccnstrming  medium-  and  Leavy-weigk 
military  vehicles,  and  generally  ese  gasoline  engines  in  coostrocting  ligfca-weigla  commercial  and 
military  vehicles,  it  seemed  dessable  for  intelligence  perposes  to  be  able  to  disiinqmsh  between 
Elese  vehicle  types.  Fretbezmere.  this  level  of  classification  seemed  appropriate  for  an  initial 
study  off  vehicle  classification.  A  secondary  objective  was  to  determine  if  fun  her  c  lass  if i  calico 
within  a  vehicle  class  is  possible. 

Two  approaches  were  taken.  The  fust  consisted  off  molecular  analysis  of  the  organic  fraction 
off  vehicle  exhaust  to  determine  ■{  the  types  or  concentrations  of  organic  chemicals  could  be  used 
for  engine  classification.  The  organic  fraction  was  selected  because  of  the  large  numbers  off  or¬ 
ganic  chemicals  shore  individual  concentrations  could  be  a  function  off  engine  size  or  type. 

The  second  approach  to  classification  was  the  analysis  off  data  obtained  during  field  usocnioi 
ing  off  the  major  exhaust  constituents,  including  total  hydrocarbons,  particulates,  sulfur  containing 
compounds  and  nitrogen  oxides,  to  determine  if  one  or  s  combination  of  these  gross  parameters 
could  be  used  to  distinguish  between  engine  classes. 


Molecular  Analysis  of  Exhaust  Organics 

In  the  molecular  analysis  experiment .  samples  of  exhaust  gases  from  the  various  types  of 
military  -  nicies  indicated  in  Table  III  were  taken  at  USATACGM  and  the  Yuma  Proving  Gtound. 
These  samp  es  were  collected  Gn  a  Porapak-Q  collection  tube  similar  in  design  *o  tubes  currently 
being  used  in  several  labor  at  ones*  for  collection  and  concentration  of  organic  components  feu  air 
samples.  These  samples  as  well  as  others  taken  for  available  vehicles  at  USA  CRREL  were 
analyzed  on  a  combined  gas  chromatograph-mass  spectrometer-data  acquisition  systen .  This  method 
of  analysis  is  considered  to  be  the  most  powerful  approach  to  separation  and  identification  of  com¬ 
plex  mixtures  of  volatile  organic  chemicals  currently  available. 

The  results  of  this  preliminary  work  indicate  from  a  comparison  of  vehicles  within  an  engine 
class  that  there  is  some  variation  in  total  quantity  of  exhaust  organics,  but  similar  relative  compo¬ 
sition.  Comparison  of  diesel  exhaust  with  gasoline  exhaust,  however,  shows  strikingly  different 

*  Leggett.  D.C..  R.P.  Murnnann.  T.4.  Jenkins  and  R.  Jiamcra  ( 1972)  A  mcihod  for  concentraung  and  de¬ 
termining  trace  organic  compounds  in  the  atmosphere.  USA  CRREL  Special  Report  176. 
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relative  compos  il  ion  as  veil  as  a  large  variation  in  total  organic  coolest.  Analysis  of  the  data 
indicates  that  the  major  components  of  the  organic  fraction  of  exhaust  from  both  engine  types  con¬ 
sist  of  the  following  chemical  types  (lezd-cooiaining  organic  dagncal*;  in  gasoline  exhaust  have 
net  been  considered  because  of  their  ease  of  elimination  by  changing  to  lead-free  gasoline): 

1)  saturated,  msannated  and  aromatic  hydrocarbons:  2)  oxygenated  compounds;  3)  aliphatic  nitre 
compounds;  and  4)  socse  solfts  containing  species.  Since  it  was  impossible  to  separate  and 
identify  each  of  the  many  individual  chemicals  present,  emphasis  was  placed  upon  identification 
of  the  most  prominent  species  relevant  to  discrimination  between  the  two  engine  types. 

The  gasoline  engine  emitted  volatile  organic  chemicals  in  significantly  larger  concentrations 
than  the  diesel  engine.  Of  these  compounds,  the  molecular  weight  distributions  of  the  sal  mated 
hydrocarbon  fraction  from  the  two  types  of  exhaust  were  substantially  different,  and  paralleled  tie 
difference  in  fuel  composition.  In  particular,  the  gaso  ice  engines  emitted  large  amounts  of  saturated 
hydrocarbons  in  the  range  C,  to  C,.  while  these  compotnds  in  diesel  exhausts  were  weighted  to 
the  C,  to  C„  range.  This  difference  can  be  seen  in  the  chromatograms  (Fig.  19)  obtained  from 
samples  collected  under  field  conditions  using  the  collection  tubes.  The  numbered  peaks  in  this 
ctecmatogram  correspond  to  the  numbered  compounds  listed  in  Table  VII-  The  gasoline  engine 

Table  VC.  Organic  components  identified  in  diesel  and  gasoline  exhaust. 


Staples  tzkeu  under  field  conditions  Direct  injection 
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exhaast  is  also  characterized  ay  large  amounts  of  methane.  ethylene.  acetylene  aad  C,  to  C4  cssat- 
gated  bjdrocarbocs.  The  diesel  engine.  however.  shows  significantly  smaller  asoscts  of  these 
exhaust  chemicals.  as  shown  in  the  chromatograms  of  exhaust  sables  (Fig.  20)  tsken  at  USA 
CRREL.  In  this  case,  the  exhaust  gases  sae  analyzed  by  direct  injection  into  the  analytical 
eq-ripsect  rather  than  by  use  of  an  adsorption  tube.  The  numbaed  peaks  in  this  ciaoesatograa 
correspond  to  the  nirrmged  compoends  listed  in  Table  VG. 

Aromatic  hydrocarbons  were  fosad  in  substantial  concentrations  in  all  saaples  from  both  diesel 
and  gasoline  engines.  No  significant  differences  in  these  fractions  could  be  attritaed  to  engine 
class.  Oxygenated  cocpoends.  primarily  sat  crated  and  nnsatgated  aldehydes  and  ketones,  were 
also  present  in  both  types  of  exhaust.  Aliphatic  niiro  compounds,  specifically  niiromethane.  were 
found  in  diesel  exhaust  and  have  been  reported  in  gasoline  exhaust  as  well.  These  types  of  com¬ 
ponents  do  not  seem  significant  for  classification.  S  lifur-coctaining  organics  have  also  been 
observed  at  vezy  low  concentrations  in  diesel  exharci.*  The  levels  at  which  these  sulfur  compounds 
are  present,  as  well  as  tbe  tm  certainly  of  their  prest  ice  in  gasoline  exhaust,  make  their  use  for 
vehicle  classification  unlikely. 


Diesel  Engine  Eihoust 


Time,  mmoles 


Figure  20.  Typical  chromatograms  of  organic  fraction  of  vehicle  exhaust 
obtained  by  direct  injection. 


Dravnieks,  A.,  A.  O'Connell.  R.  Scholz  and  J.D.  Stockham  (1971)  Gas  chromatographic  study  of  diesel 
exhaust  using  a  two-column  system,  presented  a;  ACS  meeting  of  Division  of  Water,  Air  and  Waste  Chemistry, 
Los  Angeles,  29  Mar. 
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Detection  of  Major  Exhawst  Coapo ants 


The  second  approach  to  classification  was  directed  toward  establishing  whether  the  simul¬ 
taneous  detection  of  several  major  exhaust  constituents  could  be  used  to  reliably  classify  diesel 
and  gasoline  vehicles.  Although  a  specific  experimental  study  was  not  conducted,  it  is  possible 
to  draw  some  conclusions  using  data  obtained  during  field  tests  on  detection  conducted  at  Yuma, 
Arizona;  Warren,  Michigan;  and  Camp  Grayling,  Michigan.  The  parameters  monitored  during  the 
field  trials  and  the  types  of  monitors  used  for  detection  included  particulates  (condensation  nuclei), 
nitrogen  oxides  (chemiluminescence),  total  hydrocarbons  (flame  ionization),  total  sulfur  (flame 
photometric)  and  carbon  monoxide  (infrared).  The  Honeywell  ionization  detector  was  also  included 
although  the  constituents  to  which  it  responds  are  unknown.  The  pertinent  data,  which  include 
those  for  all  vehicle  passes  within  35  m  at  the  three  field  trials,  are  summarized  in  Table 
Vffl. 


Prom  this  table  it  is  apparent  that  the  condensation  nuclei  detector  is  nonspecific  and  responds 
equally  to  diesel  and  gasoline  powered  vehicles.  The  same  general  characteristic  can  be  noted 
for  the  chemiluminescence  monitor.  The  flame  photometric  (sulfur)  monitor,  however,  although  its 
performance  during  field  trials  was  inferior  to  that  of  either  the  condensation  nuclei  detector  or  the 
chemiluminescence  monitor,  showed  high  specificity  to  the  diesel  powered  vehicles.  This  result 
agrees  with  the  higher  sulfur  content  of  diesel  fuel  relative  to  gasoline.  It  is  felt  that  the  poor  re- 
ponse  characteristics  of  this  type  of  monitor  can  be  improved  with  experience  in  flame  optimization. 
The  flame  ionization  monitor  (hydrocarbons)  also  showed  poor  response  characteristics  during  field 
trials.  It  did,  however,  show  specificity  toward  gasoline  powered  vehicles.  This  result  agrees 
with  our  results  in  the  molecular  analysis  experiment  which  showed  significantly  higher  total  or¬ 
ganic  output  in  the  gasoline  exhaust.  The  poor  response  characteristics  for  this  type  of  monitor 
are  also  a  function  of  flame  optimization  and  can  be  improved.  The  carbon  monoxide  monitor  was 
inoperable  during  the  field  trials  and  hence  no  data  have  been  presented  for  it.  It  is  felt  that  it 
would  likely  respond  preferentially  to  gasoline  exhaust,  judging  from  the  data  shown  in  Table  II. 


Table  Vm.  Response  of  chemical  sensors  to  diesel  and  gasoline 
military  vehicles  within  a  35-m  downwind  range. 


Vehicle  type* 

Diesel 

Gasoline 

Sensor  type 

Trials 

Detections 

Trials 

Detections 

Condensation  nuclei 
(Combustion  particulates) 

114 

110 

109 

99 

Chemiluminescence 
(Nitrogen  oxides) 

122 

106 

116 

71 

Honeywell  ionization 
(Unknown) 

82 

57 

77 

'  39 

Flame  photometric 
(Sulfur) 

114 

67 

111 

2 

Flame  ionization 

(Hydrocarbons) 

115 

4 

110 

41 

♦Data  obtained  for  the  various  models  of  gasoline  and  diesel  vehicles  tested  are  com¬ 
bined  under  each  heading. 
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The  configuration  of  the  Honeywell  ionization  detector  used  in  this  study  was  that  designed 
for  chemical  agent  detection.  Although  the  component  to  which  it  was  responding  is  not  known,  its 
response  generally  corresponded  to  that  of  the  chemiluminescence  monitor.  In  the  present  con¬ 
figuration  it  tended  to  respond  to  both  types  of  vehicles,  with  some  small  specificity  toward  diesel 
powered  ones.  It  is  felt  that  this  type  of  detector  can  be  configured  to  respond  even  more  specifi¬ 
cally  toward  the  diesel  engine  exhaust  by  taking  advantage  of  the  significantly  higher  sulfur  con¬ 
tent  of  this  exhaust. 


Summary 

Our  results  indicate  that  classification  of  diesel  and  gasoline  vehicles  can  best  be  accomplished 
by  a  combination  of  two  chemical  sensors,  at  least  one  being  sensitive  to  either  total  sulfur 
(diesel  vehicles)  or  total  hydrocarbons  and/or  carbon  monoxide  (gasoline  vehicles).  It  could  also 
be  accomplished  by  monitoring  the  methane  or  C2  to  C4  unsaturated  hydrocarbons  in  conjunction 
with  another  sensor.  This  would  require  a  higher  level  of  detector  sophistication,  such  as  that  of 
a  field  portable  mass  spectrometer  and  hence  appears  to  be  the  least  desirable  of  the  two  approaches. 
Higher  order  classification  within  engine  type  is  uncertain  but  would  certainly  require  a  high  level 
of  detector  sophistication  such  as  a  mass  spectrometer.  An  extended  exhaust  signature  program 
should  be  undertaken  to  further  investigate  this  possibility. 


CHEMICAL  SENSOR  CONCEPTS 

Concurrently  with  field  tests  on  the  detectability  of  exhaust  components  for  various  military 
vehicles,  a  survey  was  made  to  identify  types  of  chemical  sensors  which  could  potentially  be  de¬ 
veloped  to  meet  REMBASS  requirements  for  vehicle  surveillance.  In  conducting  this  evaluation, 
attention  was  first  given  to  chemical  sensors  that  had  previously  been  evaluated  for  other  military 
detection  applications.  Contact  was  then  made  with  various  commercial  firms  that  produce  chemical 
instrumentation  and  monitoring  equipment  which  seemed  to  merit  consideration.  Since  there  has 
been  virtually  no  work  on  development  of  chemical  sensors  for  remote  monitoring  of  vehicles,  it 
has  been  necessary  to  project  or  estimate  physical  and  performance  characteristics  that  could  be 
achieved  after  an  appropriate  development  effort  rather  than  to  state  current  characteristics.  Fac¬ 
tors  evaluated  for  a  particular  concept  included  selectivity  for  a  given  exhaust  component,  sensi¬ 
tivity  or  detection  limits,  response  time  after  sample  acquisition,  weight,  size  and  power  require¬ 
ments,  and  current  state-of-the-art  of  development. 

The  chemical  sensor  concepts  described  in  this  section  are  limited  to  those  which  seemed  to 
have  reasonable  merit,  all  factors  considered.  Although  the  survey  was  necessarily  limited  in 
scope  because  of  the  time  frame  of  the  study,  it  is  felt  that  the  most  immediately  promising  con¬ 
cepts  were  identified.  These  concepts  are  shown  in  Table  IX  according  to  selectivity  to  various 
types  of  exhaust  components.  In  certain  cases,  preferential  response  would  require  modification  of 
the  type  oi  sensor  currently  available.  Some  of  these  sensors  have  undergone  some  development 
for  military  use,  others  are  commercially  available  monitors  or  instruments,  while  some  are  avail¬ 
able  only  as  commercial  prototypes.  A  number  of  the  sensors  in  currently  available  configurations 
were  utilized  during  field  tests  to  establish  the  detectability  of  the  various  military  vehicles. 

The  response  of  the  various  sensors  to  vehicles  is  shown  in  Table  X.  The  type  of  response 
to  all  vehicles,  or  preferentially  to  gasoline  or  diesel  vehicles,  is  based  on  experience  in  field  tests 
in  combination  with  knowledge  of  sensor  characteristics  in  cases  where  no  performance  data  are 


Table  IX.  Response  of  chemical  sensors  to  vehicle  exhaust  components. 
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Takle  X.  Response  of  eked  cal  sensors  to  diesel  and  gasoline  vehicles. 


Types  ot  vehicles  detectable* 


Sensor  concept 

All 

vehicles 

Gas 

preference 

Diesel 

preference 

Condensation  nuclei 

X 

Honeywell  ionization 

(X) 

(X) 

(X) 

Surface  adsorption 

(X) 

X 

Chemiluminescence 

X 

Flame  ionization 

X 

Flame  photometric 

X 

Infrared  absorption 

X 

X 

Electron  capture 

X 

Thermal  conductivity 

X 

Kryptonate 

X  t 

X 

UV-derivative 

X 

X 

UV-correlation 

X 

X 

Mass  spectrometer 

X 

X 

X 

Plasma  chromatograph 

X 

♦Although  both  diesel  and  gasoline  exhaust  contain  all  major  constituents, 
the  amount  of  a  constituent  varies  depending  on  engine  type  so  that  a 
detector  can  be  more  sensitive  to  one  type  of  vehicle.  Parentheses  indi¬ 
cate  potential  response  after  detector  modification. 


available.  In  practice,  as  shown  in  Table  VIII,  sensors  that  respond  to  combustion  particulate 
matter  and  nitrogen  oxides  are  general  purpose  detectors.  Sensors  that  respond  to  sulfur  preferen¬ 
tially  detect  diesel  vehicles,  while  sensors  that  respond  to  hydrocarbons  preferentially  detect 
gasoline  vehicles. 

Although  the  detectability  of  vehicles  is  related  to  the  concentration  of  the  various  exhaust 
components  shown  in  Table  II,  sensor  performance  is  difficult  to  estimate  solely  on  the  basis  of 
exhaust  concentration.  Among  the  other  factors  that  must  be  considered  are  detection  limits  of  the 
required  sensor  as  well  as  the  normal  concentration  of  a  given  component  in  the  atmosphere.  This 
is  illustrated  in  Table  XI,  which  was  compiled  in  the  process  of  attempting  to  explain  some  of  the 
relative  sensor  responses  observed  during  field  tests.  Sensor  sensitivities  given  are  believed  to 
be  practical  under  field  conditions.  The  ambient  concentrations  are  for  remote  or  rural  areas  not 
directly  influenced  by  local  pollution  sources.  One  of  these  two  factors  lirruts  performance  in  that 
detection  becomes  more  difficult  as  the  exhaust  becomes  diluted  to  ambient  levels,  or  the  detection 
limit  of  the  sensor  is  approached.  Exhaust  compositions  shown  were  taken  from  Table  II.  The 
ratio  of  the  exhaust  concentration  to  the  concentration  of  the  detection  sensitivity  or  ambient  con¬ 
centration,  whichever  is  limiting,  is  termed  the  detection  index  (DI).  This  index,  although  extremely 
qualitative  seems  to  correspond  roughly  to  relative  performance  of  the  various  sensors  during  field 
tests. 

For  example,  by  far  the  most  superior  performance  was  demonstrated  by  the  condensation  nuclei 
detector  (DI  =  >  107)  followed  by  the  chemiluminescence  detector  (DI  =  5  x  104).  Moderate  perfor¬ 
mance  v/as  shown  by  the  flame  photometric  detector  (DI  =  104;  diesel),  followed  by  the  flame  ion¬ 
ization  detector  (DI  =  5  x  10s;  gasoline).  The  response  of  the  infrared  absorption  detector  (DI  =  400; 


Table  XI.  Estimate  of  relative  detectability  of  major  exhaust  components. 
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gasdsae)  sgasinre  to  caafaoa  ncaouie  ns  very  poor.  Bosera.  ana efe  baser  ptcftruaace-  scwii 
be  expected  fnn  as  Elated  absorption  detector  aisrh*  to  eatei  tbtsrabr  (IK  =  §<  Iffy,  b  eomr 
parisoo  with  other  sensors,  a  theceal  ccBtenrity  desee&x  ssrssrve  to  feyfeocsa  rsspanf 
with  moderate  performance  to  gasoltae  ernaya  (D  1  =  2*  1(f).  Aact&er  factor  termed  the  eSassfe- 
catioo  index  (Cl)  was  defined  as  tie  ratio  of  the  dnfftioe  msiscss  for  gaseSne  aarf  dbesri  i»fexc£»s. 
For  good  classification  perforsaoce.  a  sensor  shoold  hare  a  hgfc  D!  sa  com&aaCME  with  a  high 
Cl  far  gasoline  vehicles  or  a  low  Cl  for  diesel  vehicles.  Tfcss,  for  gasoliae  Te&ktes  the  flame 
ionization  detector  (DI  =  5000.  Cl  =  25)  sbooid  be  a  better  choice  tftar-  the  scared  absorpraon  de¬ 
tector  (DI  =  400.  Cl  =  40). 

The  various  chemical  sensor  concepts  are  described  below  a  terns  of  appSscaciiaQ  to  daeessae 
alone  or  to  classification  of  gasoline  and  diesel  powered  vehicles.  The  first  category  hacrafes 
only  the  simpler,  lower-cost  sensors  even  tfacagh  some  respond  preferentially  to  gasoline  or  diesel 
vehicles.  The  classification  censors  are  either  combinations  of  two  detectors  of  which  at  least  one 
responds  preferentially  to  gasoline  or  diesel  exhaust,  or  more  complex  detectors  capable  of  siirsi- 
taneoosly  monitoring  more  than  ooe  exhaust  component. 

Performance  characteristics  in  terms  of  detection  range  are  estimated  for  90%  reliability  of  de¬ 
tection  or  classification  as  applicable.  The  ranges  given  ate  usually  greater  than  would  be  indi¬ 
cated  by  review  of  field  test  data.  However,  actual  downwind  range  should  be  better  than  shown 
by  the  data  since  changes  in  wind  direction  frequently  occurred  after  a  test  was  initiated.  In  some 
cases,  difficulties  with  instrumentation  are  reflected  in  field  test  results.  Allowance  has  also  been 
made  for  increased  performance  that  should  result  from  experience  with  detector  placemens,  and 
from  sensor  improvement  in  conjunction  with  a  development  effort.  The  ranges  given  for  use  of 
two  sensors  to  avoid  dependence  on  wind  direction  are  judgment  values  based  oo  limited  field  ex¬ 
perience  on  detectors  and  detector  placement.  Physical  characteristics  of  current  sensors  are  also 
included  in  some  cases  with  an  estimate  at  the  size,  weight,  and  power  requirements  which  can  be 
anticipated  based  on  experience  in  development  of  chemical  alarm  systems.  Size  and  weight  of  power 
source  are  not  included  in  these  estimates. 

The  unit  cost  of  a  given  sensor  was  estimated  taking  current  costs  and  modification  of  cunent 
sensor  design  into  account  for  production  quantities  of  1000  units.  Development  time  through 
engineering  development  assumes  an  accelerated  program.  While  some  sensor  concepts  have  under¬ 
gone  some  advanced  development,  advanced  development  work  is  assumed  in  all  cases.  For  some 
concepts,  a  limited  amount  of  exploratory  study  is  required  concurrently  with  advance  development. 
Development  costs  were  estimated  in  two  ways.  First,  based  upon  guidance  from  USAMERDC.* 
costs  were  estimated  to  be  2000X  unit  cost  for  1000  unit  production.  However,  this  cost  estimate 
appeared  to  be  too  low  in  most  cases  considering  that  development  costs  should  be  based  on  all 
efforts  required  for  completion  of  the  engineering  development  program  including  all  documentation, 
maintenance,  training,  and  evaluation  requirements  for  type  classification  standard  A.  These 
original  figures  were  then  adjusted  to  higher  values  when  required  to  be  consistent  with 
costs  previously  encountered  in  development  of  chemical  agent  alarm  systems.  It  is  emphasized 
that  development  costs  reported  are  rough  estimates  since  time  restraints  did  not  permit  a  de¬ 
tailed  cost  analysis.  The  apparent  higher  cost  for  chemical  sensors  may  well  be  due  to  tl  fact 
that  most  other  types  of  sensors  have  already  undergone  a  considerable  amount  of  development 
for  REMBASS-type  applications.  It  is  estimated  that  through  1971  more  than  1.6  billion  dollars 
have  been  expended  on  development  of  intrusion  detection  systems.’  Another  factor  reflected  in 
development  and  unit  costs  is  that  chemical  sensors  are  generally  more  complex  than  other  sensors. 


*  USAMERDC  has  task  responsibility  for  development  of  REMBASS  sensors. 

’  Frost  and  Sullivan  Co.  (1971;  Intrusion  detection,  weapons  location,  and  sensor  aided  militars  markets. 
Camp  Reports. 
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Each  ceai  rmaiins  z  smz3  racss atfafe  zraaam  samee  «£5ch  etrrls  jksir  ezscss  Usances-  He  fixer- 
zeshq  eff  fie  eSscanms  safe  szngSe  nofeceSss  resets  o  saoBaccla  saxs  sfeca  ss  ccSeead  saa 
izraoes  effSceiaoss  doxessezm,  dseEseiag  aa  saieszi-l  Sox  gaoaeaj  eff  fie  cells,  elesarsfe  reizmis- 
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sad  ssSscatvSy  far  a  given  type  eff  efeendca L  Hespemse  line  eff  fie  detector  js  less  than  2  sec. 


He  H3D  X2S  tested  fez  vdnde  ogtecsaa  curing  field  sanss.  la  czdar  to  obtain  response  to 
veaicle  erhaasts  a  was  Eecess2ry  to  oodrfy  tbs  carfigunEtiOQ  eff  fie  cell  D®m2lSy  sensitive  to 
cheuaczl  sjess.  No  ezlessive  evalcatco  of  tbs  props:  cccfigorziioa  coaid  be  trade  aiihia  lie  scope 
eff  tbs  s.tcy,  so  a  sas  bscssszzj  to  establish  detector  parzosteis  stdeb  appeared  tTcnrisirg,  based 
cq  resalts  off  eaxltei  screeang  tests  far  c&enucal  zgeuis.  Nevestteless,  results  curing  field  tests 
sere  encouraging.  He  detector  responded  sell  to  both  diesel  and  gasoline  vehicles  si  ranges  cp 
to  35  ta  (Table  VI).  The  exhaust  cocnpooents  to  xinch  the  detect ce  responded  are  nninpsa  fcts  should 
be  determined.  It  is  projected  that  the  HID  should  show  good  performance  at  dotrowind  ranges  off 
150  Q-in  open  terrain  and  50  m  in  wooded  terrain.  Using  two  detectors,  a  range  of  50  m  sboald  be 
obtained  independent  of  wind  direction.  No  signals  that  were  not  one  to  vehicles  were  observed 
daring  field  tests  n  rival  areas.  The  detector  could  be  operated  at  subfreezing  temperatures.  The 
detector  would  normally  be  hand  emplaced  but  could  be  designed  for  air  deployment. 

The  HID  in  its  present  configuration  (Fig.  22)  with  attached  115-VAC  power  supply  weighs 
about  15  lb  and  has  a  volume  of  0.3  ft*.  The  unit  is  operable  with  batteries  having  a  10-w  power 
consumption  at  70°F.  The  portable  detector  could  be  engineered  to  a  200-in.’  size,  2J5  lb  weight, 
and  a  4-watt  power  requirement.  Unit  costs  in  production  of  1000-unit  quantities  are  estimated  at 
S600-  Development  costs  are  estimated  at  S3.5M  over  a  3-yr  period. 
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Figsss22.  itmrrrtrm  A&erfnrK 


Sat lace  adsotgaim  detector 

Hhe  sssfsce  adsecpCsca  osledsx  {SAD)  comepc  centers  seraral  types  caf  sense:  devices.  b 
each  case,  a  resgCDBe  is  fiae  to  bseaaegioa  df  ecsaa  cnamicals  gab  ssrface  crrrmrtgats  df  a 
single  sesgsg  eleggat-  Fcg  eta^.  b  ibecase  cf  a  piezoelectric  crystal.  zdscspsiia  df  gases 
alters  the  crystal  ^p--ss  which  is  reflected  in  tees  of  z  detectable  change  b  resccaace  feecasncy. 
Orfaer  sensor  gjgs-*>?fl«;  consist  of  solid  electrolyte  schsJrates  coaxed  wilh  thin  metallic  films.  al¬ 
though  other  (3=1  material  conld  be  utilized  ia  some  cases  to  vary  specificity.  As  ads  cried  gases 
diffuse  through  tie  film  coaling,  the  ionic  conductivity  off  Us  electrolyte  is  altered,  tie  volume  of 
the  electrolyte  can  change,  cr  oiidatico/reductioa  reactions  involving  the  solid  electrolyte,  and/or 
the  metal  film  interface  can  occur  depending  on  the  particular  type  of  sensing  eleneat. 

Specificity  and  sensitivity  can  be  varied  to  sane  degree  by  variation  in  the  magnitude  of  applied 
biases  and  choice  of  sensor  materials.  The  projected  sensitivity  of  these  devices  is  on  the  order 
of  10  p?m.  Use  is  limited  to  detection  of  carbon  dioxide  from  both  diesel  and  gasoline  vehicles, 
and  carbon  monoxide  or  possibly  hydrocarbons  from  gasoline  vehicles. 

Most  of  the  various  types  of  SAD  sensors  are  still  in  the  research  stages.  However,  a  small 
solid  state  sensor  for  monitoring  reducible  gases  including  carbon  dioxide  has  been  reported. 

Another  type  of  adsorption  sensor  capable  of  monitoring  carbon  monoxide  and  hydrocarbons  that  are 
ondizable  gases  is  commercially  available.  A  prototype  cf  this  type  of  sensor,  shown  in  Figure  23, 
was  constructed  by  USA  CRREL  for  use  in  vehicle  detection  studies.  Operational  difficulties  pre¬ 
vented  collection  of  sufficient  data  to  permit  analysis  of  detection  capability. 
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Figure  23-  Sedzce  sdscsptioa  aeSsdoss. 


St  sbcn  raagss  off  seneaal  ostess  it  was  passufls  to  cscsistestlf  detect  gasbjrY?  engines  presum¬ 
ably  b  release  to  ezrooa  EDoaamde  and  hycbocabsas.  The  reason  far  the  poor  perfas mance  is  easts 
off  detection  rajge  is  tbzl  the  season  h?  caaHgored  for  nse  at  normal  rooa  tempsrztnre  m  toe  lab¬ 
oratory.  The  tests  coodocted  in  the  field  at  Czrg  Grayling,  l&chigan,  weie  coa&cled  when  the 
ambient  temperarise  was  4(h5Q°F  <r  less.  CoesecoeiSly,  the  sensor  element  temperature  was  too 
low  foe  optimum  response.  This  problem  can  be  corrected  by  providing  a  compensating  mechanism 
to  naintaTn  sensor  temperance  at  a  preset  value.  It  should  then  be  possible  to  deled  gasoline 
vehicles  at  ranges  op  to  30  m.  Development  off  the  carbon  dioxide  sensei  would  permit  detection 
off  both  diesel  and  gasoline  powered  vehicles.  These  sensors  could  be  used  at  snhfreezmg  tempera¬ 
nces  provided  that  the  sensor  element  temperature  is  maintained  at  the  aptcopnzte  level.  Response 
time  was  observed  to  be  immediate  during  field  tests. 

Although  there  is  a  relatively  high  risk  in  development  of  this  type  of  sensor  due  to  the  state  of 
the  art  and  low  demonstrated  performance,  the  physical  and  cost  characteristics  are  highly  favorable. 
Detectors  of  this  type  currently  are  about  5  in.*  in  size  and  0.2  lb  in  weight  with  a  power  require¬ 
ment  of  about  2  w.  It  should  be  possible  to  reduct  power  requirements.  However,  additional  feasi¬ 
bility  work  must  be  conducted  before  final  performance  and  physical  characteristics  can  be  stated. 

It  should  be  possible  to  use  all  modes  of  detector  emplacement  if  detectors  are  designed  to  with¬ 
stand  shock.  Current  detector  costs  are  about  S50/unit.  Costs  for  a  vehicle  detection  version 
should  not  exceed  S100/un:t  on  a  1000-unit  production  basis.  Development  costs  are  estimated  at 
S3M  over  a  3-yr  period. 
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w&S  ge=«  fagrrcesn-sS; <&ns3d be gnssrerffi e> t a  150 a sad  glaia figea  aad  goafea lesreag,  n~ 
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«K  -gap!  grs»  g hnett  9  ft*  Ta  -gty^g-ta  'Ttppfipl^rry  Alsenaaft;  go  pgg>3  ?n  <yyj  tfag  gihrtrr.grg»1?rn3ts*r  trA=> 

zadtnygco  is  reassed  far  tosozcas  g?n=re3qr.  Bioseaa.  gtarft  cnald  h>  Ana  in  s^ify  z^w- 
wT’fiyw  tMs  ferase  for  ggidg  feieeiiim.  EghrF.fry>  of  z asht-gfe  thysiczl  cb2iac£crisg»cs  are 
209  ia.*  13  size  sad  2.5  Ifa  ej  weighs  with  a  4-w  poses'  recoiresagg.  Ceil  costs  based  ca  proancSioa 
eff  1000  tails  are  estreated  as  32000.  Pevalojpggal  costs  are  eeSrmSed  to  be  S5M  ores  a  4-yr  period. 


lafrired  aiscrptic*  detector 

Molecules  absorb  energy  ia  lbs  infrared  region  off  tie  electromagnetic  spectrum  doe  to  interval 
virgalioa  off  campaoenl  stems.  Tbs  wavelengths  os  frequencies  m  which  absorption  occurs  depend 
oa  tbs  types  of  atoms  involved  as  well  as  overall  moleculzr  structure.  Intensity  of  absorption 
is  related  to  tocSscolar  characteristics  and  the  concentration  off  a  chemical.  Consequently,  the  in* 
bared  absorption  spectrum,  a  presentation  off  absorption  intensity  versus  wavelength,  is  character¬ 
istic  for  a  given  type  of  molecule.  Monitoring  off  selected  infrared  absorption  bands  would  serve 
as  the  basis  for  detection  of  several  types  of  exhaust  chemicals.  Absorption  of  infrared  energy  by 
carbon  dioxide  could  provide  detection  of  both  gasoline  and  diesel  powered  vehicles.  Absorption 
bauds  indicative  erf  hydrocarbons  or  carbon  monoxide  would  be  more  useful  for  detection  of  gaso¬ 
line  exhausts. 

Several  concepts  for  infrared  absorption  devices  are  currently  undei  consideration  for  chemical 
agent  monitoring.  One  approach,  the  L0PAIR  (Long  Path  Infrared)  is  an  active  system  under  de¬ 
velopment  which  consists  of  a  tripod-mounted  transmitter-receiver  and  a  reflector  separated  by  a 
distance  of  about  400  m.  The  system  monitors  three  infrared  wavelengths  where  absorption  occurs 
due  to  the  presence  in  the  optical  path  of  trace  quantities  of  selected  chemical  agents.  A  passive 
version  of  LOPAIR  under  investigation  operates  without  an  active  infrared  source.  In  this  configura¬ 
tion,  the  natural  background  acts  as  the  soizcs  of  infrared  energy,  the  atmospheric  path  contains 
the  sample,  and  the  LOPAIR  device  is  the  detector.  The  goal  is  to  monitor  paths  erf  several  miles 
for  chemical  agents.  Neither  the  active  or  passive  LOPAIR  systems  have  been  evaluated  for  sen¬ 
sitivity  to  vehicle  exhaust  components  so  performance  characteristics  for  vehicle  detection  are  not 
known.  Although  this  concept  is  not  considered  further  at  this  time  for  vehicle  detection,  future 
studies  should  take  this  type  of  equipment  into  account  as  the  state  of  the  art  of  LOPAIR  systems 
advances. 
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«is&  taya)*10  wareiifmpia  saa  a  waaaSSe  creir-Jeag^h  cpri  js  asaSSaSSs  ccnmersaaEy.  Based  cm 
tm-yfe-n-feg  off  eastern  dvm&e.  fe  is  projected  EE2t  ueSdeSs  decegskn  *ter?<3  fee  possbSe  ai  dansaiad 
sasges  raEOioa  atri  30  ns  ia  cpea  sad  wooded  casaa.  tesgecsireSy.  Ilsitg:  aa  asmy  cff  2  dstaetccs. 
sas^s  caTSOcn  fee  attamaolSe  regardless  cff  wad  feectace. 


Rejected  ccyscal  ccoossSes  ffsar  efiaaed  aSsocEsrsca  detectors  (IAD)  are  203-ex*  size.  2_5-5j' 
seygfig.  2=d  4-v  pawa1  cccsrorgeifsa.  Cat  costs  sihrarld  be  abed  S150O  for  2000-csii  ceocacaaQa. 
Deveksgoecs  costs  as  esasasted  at  far  a  4-yr  period. 


EiectraB  captes  dsSector 

Kary  ctedcal  cccgoogs  bare  a  stracg  affinity  for  daacs.  Tbs  efecsrracapenre  detector 
(ECD)  based  upm  exposing  volatile  chemicals  wiih  tins  property  to  1 as  energy  electrccs  has  been 
develcoed  for  cse  in  analytical  ctemdsEy  anplicaticms.  Cscallv.  radioactive  tririsn  cctszinsd  is 
foil  isosed  as  the  low  ese sg?  electron  soerce.  The  radioactive  scarce  is  anaaged  Dear  electrodes 
silica  aeasnre  electron  correal.  As  a  sample  passes  tteoegh  the  detector  cell,  electrons  sie  re¬ 
moved  ia  formation  cff  negative  teas  which  causes  a  ceasaable  decrease  in  elecnaa  cme£.  This 
type  cff  deifecice  is  extremely  sensitive  to  electrea  capturing  cccrpo^ads  yel  hiebly  insensitive  to 
otter  noccapicriis  ctesicals. 


For  vehicle  detection,  it  should  be  possible  to  develop  a  ECD  sensitive  to  nitrogen  diaside 
(NQj)  produced  by  conversion  of  nitrons  oxide  (SO)  predominately  present  in  vehicle  ezhasst.  This 
concept  has  not  been  evaluated  since  a  commercial  so^-cc  cff  an  ECD  with  this  configuration  coaid 
not  be  located.  However,  this  approach  seems  within  the  state  cff  the  art  since  a  portable  ECD 
monitor  is  available  fa  d erecting  leaks  cff  refrigerants  and  other  types  of  electron  capturing  com¬ 
pounds.  For  leak-test  applications,  the  sample  gas  is  allowed  to  diffuse  across  a  membrane  into 
a  stream  of  carrier  gas  which  flows  through  a  detector  cell.  Apparently,  the  membrane  serves  to 
reduce  influx  of  atmospheric  oxygen  which  is  electron  capturing  as  well  as  to  contain  the  particular 
carrier  gas  which  is  required  to  maintain  high  sensitivity. 

The  ECD  would  probably  show  satisfactory  results  at  downwind  ranges  up  to  75  in  in  open 
terrain.  In  wooded  terrain  or  using  2  detectors  to  reduce  dependence  on  wind  direction,  a  range  of 
30  m  seems  practical.  Physical  properties  should  approach  asize  of  200  in.*  a  weight  of  2.5  lb, 
with  a  power  requirement  of  3  w.  Unit  costs  should  not  exceed  S600  on  1000-unit  production  basis. 
Development  costs  are  estimated  at  S4M  over  a  4-yr  period. 


Kryptonate  detector 

Kryptonates  are  solids  into  which  the  radioisotope  Krypton-85  has  been  incorporated.  Radio¬ 
active  krypton  released  upon  disturbance  of  the  surface  layer  forms  the  basis  for  methods  of  trace 
gas  analysis.  Specificity  for  a  given  type  of  gas  is  obtained  by  careful  selection  of  the  substrate 
solid. 
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Tfcer*2.1  coafacttvity  detector 

cggggg*  22y  bs  <=y^»fagJo  Cnr  Aarorginn  qflgfJing  ygjsjjgjgg  i$  Jjjg 

coodtsclliiry  detector  (ICD).  Soch  devices  axe  in  cceekq  bss  in  gas  chroc322qgrajo  analytical  in- 
stxmeats.  la  ncceal  ogeratloa,  a  carrier  gas.  nssaBy  helhs  cr  hydrogen,  passes  cmer  reference 
and  detector  sensor  el  emesis  winch  eay  be  either  paired  bet  filasssas  or  thermistors  snanged  in 
2  bridgeicircnil-  The  teapersltne  of  the  sensor  elements  is  determined  by  the  rale  off  heel  loss  by 
condoctioo  tfcrongh  the  carrier  gas.  The  presence  of  a  saspla  cos-posent  changes  the  tteaal  cos- 
dnerivity  of  t be  gas  passing  tinoogh  tbe  detector  side  of  the  cell.  Ibis  is  reflected  in  a  change  of 
sensor  element  temperature  cansing  an  electrical  out  pel  from  the  bridge  circuit. 

For  detection  of  gasoline  exhausts,  atmospheric  air  wonld  be  pimped  through  a  thermistor-type 
TCD  cell.  The  presence  of  hydrogen  gas  in  the  atmosphere  from  gasoline  vehicles  should  be  de¬ 
tectable  at  levels  of  10  ppm.  This  approach  has  been  used  in  simple  devices  commercially  avail¬ 
able  for  detection  of  helium  leaks.  For  exhausts,  detection  ranges  up  to  30  m  in  all  types  of  terrain 
independent  of  wind  direction  should  be  possible.  Physical  characteristics  and  unit-cost  considera¬ 
tions  would  generally  be  quite  favorable  in  comparison  with  other  types  of  chemical  sensors.  Size 
is  estimated  at  100  in.1,  weight  0.5  lb,  with  a  power  requirement  of  2  w.  Unit  costs  based  era  1000- 
unit  production  are  estimated  at  S250  with  development  costs  at  S3M  over  a  3-yr  period. 


Flime  ionization  detector 

(hie  of  the  most  sensitive  methods  for  detection  of  organic  compounds  is  the  flame  ionization 
detector  (FID).  This  device  is  commonly  used  in  gas  chromatographic  instruments  and  in  hydro¬ 
carbon  monitors  for  pollution  measurements.  The  detector  consists  of  a  small  hydrogen  flame  burn¬ 
ing  in  an  excess  of  air.  Sample  air  is  mixed  with  the  hydrogen  fuel  gas  prior  to  entering  the  burner 
housing.  Hydrocarbons  in  the  sample  air  are  oxidized  to  carbon  dioxide  but  charged  fragments  are 
formed  as  intermediate  reaction  products.  These  ionic  fragments  are  collected  on  suitably  arranged 
electrodes  which  produce  a  current  proportional  to  the  amount  of  hydrocarbons  entering  the  flame 
per  unit  time. 

A  hydrocarbon  analyzer  was  used  during  field  tests.  This  instrument  responded  preferentially 
to  exhaust  from  gasoline  vehicles.  Although  performance  was  generally  poor,  this  is  thought  to 
have  been  due  to  malfunction  problems  of  the  particular  detector.  It  should  be  possible  to  obtain 
good  detector  performance  for  gasoline  vehicles  at  ranges  up  to  100  m  in  open  terrain  and  30  m  in 
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Case  kcdzsiica  fiasesSor.  Boaerer.  fa  tins  case,  feel  as-  arri  the  saspga  Qgg  tirocga  abnper  jes 
esq  a  bydrcgsa-rka  a&nasgfege  cfricS  grorSaass  a  taSacgg  flzae.  Ccs^tr^  caaasiag  selfg 
cs5=cgo  pW?rnrnr.  tesficsiices  which  resell  a  the  esisskn  off  ligM  ax  wav^ragths  specific 
f cr  the  preseacs  c£  saifnr.  Tins  esissioa  is  tfesa  feteaed  nstrg  a  pjacccEeKplier  tme.  tfe  elac- 
txicalceapec  of  wisca  is  relaxed  to  the  aaoE£  off  SElfErpressa.  in  tbs  sample  an-.  These  fesecscrs 
2re  carrxcly  esed  ia  beta  gzs  chrtraxlograpsic  iastngesffaiion  sad  stife": scoiiccs  svai!2hle  fee 
pofltSlon  saodies. 


A  seif  ter  Exnricr  wascssd  dsieg  Held  tests.  Diesel  veJccles  were  preferentially  detected 
with  ceicciioQ  range  United  to  zbod  35  o.  By  issepyemers-s  in  detecxcc  design  2nd  operaricnal 
characteristics.  it  eight  be  possible  tc  detect  diesel  vehicles  up  to  100  a  in  open  terrain  and  30  e 
in  wooded  terrain.  Detection  at  30  ej  sbosdd  be  obtainable  independent  of  wind  direction  using  2 
detectors.  Size  is  estreated  at  200  is.*,  weight  at  3  lb  and  power  requirement  at  3  w.  Unit  casts 
ate  estimated  at  S1500  for  1000-cnit  production.  Development  costs  are  estimated  at  S5M  ore;  a 
4-5?  period. 


Chemical  Sensors  for  Vehicle  Classification 

Consideration  of  available  information  indicates  a  reasonable  potential  for  employing  chemical 
sensors  to  classify  diesel  and  gasoline  powered  vehicles.  Although  additional  study  is  required 
on  the  feasibility  of  classification  even  at  this  level,  a  goal  of  90%  detection  and  90%  correct 
classification  seems  attainable.  This  could  be  accomplished  by  use  of  a  chemical  classifier  sys¬ 
tem  consisting  of  either  two  simple  sensors,  each  sensitive  to  a  different  exhaust  component,  or  a 
more  complex  chemical  instrument  capable  of  simultaneously  monitoring  more  than  one  type  of  ex¬ 
haust  chemical. 

Following  the  approach  based  on  use  of  two  simple  sensors,  many  combinations  of  detectors 
previously  described  are  possible  (Table  XU).  In  certain  cases,  one  sensor  would  detect  either 
particulate  matter,  nitrogen  oxides,  or  carbon  dioxide  in  response  to  all  types  of  vehicles  [indicated 
toy  001-  The  other  sensor  could  respond  to  sulfur  to  indicate  that  the  vehicle  detected  was  diesel 
[indicated  by  (V/D)],  or  to  carbon  monoxide,  hydrocarbons,  or  hydrogen  to  indicate  that  the  vehicle 
was  gasoline  powered  [indicated  by  (V/G)].  In  other  combinations,  one  sensor  would  respond  prefer¬ 
entially  to  diesel  exhaust  while  the  other  would  indicate  gasoline  vehicles  [indicated  by  (D/G)].  In 
order  to  decide  which  combination  of  chemical  sensors  showed  the  most  immediate  promise,  a  pre¬ 
liminary  trade-off  determination  was  made  with  the  result  that  combinations  which  included  sensors 
with  characteristics  most  suitable  for  use  as  vehicle  detectors  should  also  be  given  first  priority 
at  this  time  for  consideration  in  development  of  a  vehicle  classifier.  These  selected  sensor  com¬ 
binations  as  well  as  other  types  of  chemical  concepts  applicable  to  vehicle  classification  are  de¬ 
scribed  below. 


Table  XII.  Combinations  of  chemical  deteotors  for  classification  of  diesel  and  gasoline  powered  vehiolea. 
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Dial  Honeywell  ioaixaiioi  classifier 

The  Honeywell  ionization  detector  (HID)  currently  used  is  selectively  responsive  to  two  types 
of  chemical  agents  with  a  demonstrated  high  sensitivity.  The  characteristics  of  the  HID  in  rela¬ 
tion  to  vehicle  detection  were  described  previously.  There  is  potential  for  configuring  this  sensor 
to  be  specific  for  either  nitrogen  oxides,  sulfur,  or  organic  hydrocarbon  exhaust  components.  Thus, 
the  instrument  could  potentially  be  used  to  be  responsive  to  all  vehicles  and  diesel  (V/D),  or  gas¬ 
oline  vehicles  (V/G),  or  to  respond  either  to  gasoline  or  diesel  vehicles  (D/G).  Feasibility  studies 
must  be  conducted  to  determine  which  approach  would  show  the  best  performance.  Although  there 
is  a  risk  involved  that  selectivity  for  one  or  more  of  the  various  exhaust  components  could  not  be 
developed,  the  availability  of  several  options  in  configuration  increases  the  probability  of  success. 

The  HID  used  as  a  classifier  should  show  the  same  performance  characteristics  as  when  used 
as  a  detector.  Projected  ranges  for  downwind  detection  are  150  m  and  50  m  in  open  and  wooded 
terrain,  respectively.  By  using  2  classifiers,  a  50-m  range  should  be  possible  independent  of  wind 
direction.  Projected  physical  characteristics  are  300  in.*  in  size,  3  lb  in  weight,  and  a  power  re¬ 
quirement  of  5  w.  Unit  costs  should  not  exceed  $750  for  1000-unit  production.  The  development 
cost  is  estimated  at  S4.5M  over  a  4-yr  period.  ' 

Condensation  nuclei/Honeywell  ionization  classifier 

Both  of  the  sensors  in  this  combination  have  been  described  for  use  as  detectors.  The  CND 
shows  no  selectivity  to  gasoline  or  diesel  powered  vehicles.  The  HID  shows  potential  for  modifi¬ 
cation  for  selectivity  to  sulfur  indicative  of  diesel  vehicles  and  for  organic  hydrocarbons  indicative 
of  gasoline  vehicles.  Thus,  potential  exists  for  using  a  combined  CN/HI  classifier  to  determine 
whether  a  vehicle  detected  is  gasoline  (V/G)  or  diesel  (V/D)  powered.  Further  study  is  required 
to  evaluate  the  merit  of  this  approach  but  the  availability  of  two  options  for  configuring  the  HID 
increases  the  probability  of  success. 

The  HID  would  limit  the  range  of  this  type  of  classifier.  Projected  downwind  detection  ranges 
are  150  m  and  50  m  in  open  and  wooded  terrain,  respectively,  with  a  50-m  range  independent  of  wind 
direction  when  using  2  sensor  systems.  The  classifier  would  be  about  275  in.‘  in  volume,  require 
4  w  power,  and  weigh  about  5  lb.  Unit  costs  are  estimated  at  $1000  for  1000-unit  production.  De¬ 
velopment  costs  are  estimated  at  $6M  over  a  4-yr  period. 

Honeywell  ionization/surface  adsorption  classifier 

Both  the  Honeywell  ionization  (HID)  and  the  surface  adsorption  detectors  (SAD)  have  been 
described  for  application  to  vehicle  detection.  The  HD  has  also  been  described  for  use  as  a 
classifier  alone  or  in  combination  with  the  condensation  nuclei  detector. 

In  conjunction  with  the  SAD,  the  HID  could  be  used  in  a  configuration  with  sensitivity  to  ni¬ 
trogen  oxides  indicated  for  all  vehicles,  sulfur  compounds  selective  for  diesel  vehicles,  or  organic 
hydrocarbons  for  preference  to  gasoline  powered  vehicles. 

There  are  a  number  of  ways  in  which  these  two  sensors  could  be  combined  as  a  classifier. 

The  HD  sensitive  to  nitrogen  oxides  in  combination  with  a  SAD  which  responds  to  carbon  monoxide 
plus  hydrocarbons  would  indicate  whether  a  detected  vehicle  was  gasoline  powered  (V/G).  The 
same  distinction,  V/G,  could  be  made  using  a  SAD  responsive  to  carbon  dioxide  and  a  HD  selec¬ 
tive  for  organic  hydrocarbons.  Use  of  a  SAD  sensitive  to  carbon  dioxide  and  a  HD  selective  for 
sulfur  would  permit  evaluation  if  a  detected  vehicle  were  diesel  powered  (V/D).  Cc  ...bination  of  a 
sulfur  sensitive  HD  and  a  carbon  monoxide  plus  hydrocarbon  sensitive  SAD  would  allow  direct  re¬ 
sponse  to  both  diesel  and  gasoline  vehicles  (D/G).  The  proper  configuration  to  use  depends  on  re¬ 
sults  of  studies  required  to  evaluate  response  characteristics  of  both  the  HID  and  SAD  to  diesel 
and  gasoline  exhaust  emissions.  As  in  the  case  of  other  detectors,  the  availability  rf  several  op¬ 
tions  for  configuration  reduces  the  risk  in  development  of  a  classifier  of  this  type. 
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The  range  of  a  HID/SAD  classifier  would  likely  be  limited  by  the,  SAD  component.  Projected 
range  both  downwind  and  independent  of  wind  direction  using  2  classifier  systems  would  fee  about 
30  m.  The  HID/SAD  classifier  should  be  about  200  in.1  in  volume,  2.5  lb  in  weight  and  have  a 
power  requirement  of  5  w.  Unit  costs  are  estimated  at  $700  for  1000*unit  production.  Development 
costs  over  a  4ryr  period  are  estimated  at  $5.5M. 

Condensation  nuclei/surface  adsorption  classifier 

The  condensation  nuclei  detector  (CND)  responds  to  particulate  matter  present  in  the  exhaust 
of  both  gasoline  and  diesel  vehicles.  Combination  of  the  CND  with  a  surface  adsorption  detector 
(SAD)  responsive  to  carbon  monoxide  plus  hydrocarbons  would  allow  determination  that  a  detected 
vehicle  was  gasoline  powered  (V/G).  The  range  of  this  classifier  would  be  limited  by  the  SAD. 
However,  reliability  of  detection  at  short  range  would  be  high'..  Tfte  range  of  the  CND/SAD  combina¬ 
tion  would  probably  not  exceed  30  m,  regardless  of  terrain  characteristics.  With  2  systems,  classi¬ 
fication  range  would  probably  be  up  to  30  m  independent  of  wind  direction.  The  combined  CND/SAD 
classifier  would  have  a  volume  of  75  in.1,  weigh  2.5  lb,  and  have  a  power  requirement  of  4  w.  Unit 

costs  should  not  exceed  $500.  Estimated  development  costs  are  85M  over  a  3.5-yr  period. 

$ 

Dual  surface  adsorption  classifier 

The  operation  of  a  surface  adsorption  sensor  was  described  in  the  section  on  chemical  detec¬ 
tors.  Use  of  the  SAD  where  oxidation/reduction  reactions  occur  seems  to  be  •  the  most  promising 
approach  for  vehicle  detection.  Combining  one  sensor  of  this  type  that  is  responsive  to  all  vehicles 
due  to  reduction  of  carbon  dioxide  from  exhausts  with  another  sensor  that  oxidizes  carbon  monoxide 
and  hydrocarbons  emitted  by  gasoline  powered  vehicles,  would  result  in  a  classifier  that  would 
determine  if  a  vehicle  detected  is  gasoline  powered  (V/G). 

This  approach  involves  a  considerable  risk,  because  in  field  tests  the  carbon  monoxide/hydro¬ 
carbon  SAD  showed  poor  performance,  and  because  a  carbon  dioxide  sensitive  device  is  not  currently 
commercially  available.  Also,  detection  range  would  likely  be  limited  to  30  m  whether  downwind 
or  independent  of  wind  direction  using  2  such  classifiers.  However,  this  type  of  classifier  seems 
worth  considering  since  it  would  have  the  most  desirable  physical  characteristics  and  a  cost  ad¬ 
vantage  over  other  chemical  classifiers.  In  terms  of  size,  it  would  occupy  a  volume  less  than  10 
in.*,  weigh  about  0.2  lb,  and  have  a  power  requirement  of  3  w.  Unit  costs  are  estimated  at  $150  for 
1000-unit  production.  Development  costs  are  estimated  at  $4M  over  a  3-yr  period. 

Flame  ionization/flame  photometric  classifier 

Flame  ionization  detectors  (FID)  and  flame  photometric  detectors  (FPD)  were  discussed  pre¬ 
viously  for  application  to  detection  of  hydrocarbon  and  sulfur  emissions  from  gasoline  and  diesel 
powered  vehicles,  respectively.  Both  techniques  require  combustion  of  the  characteristic  exhaust 
component  in  a  flame.  Although  a  different  detector  configuration  is  required  for  performance  opti¬ 
mization,  the  possibility  exists  that  sufficient  sensitivity  could  be  obtained  utilizing  a  common 
burner.  Using  this  system,  response  of  the  FID  would  be  preferential  for  gasoline  vehicles  while 
FPD  response  wo  lid  indicate  detection  of  a  diesel  vehicle  (D/G).  Correct  classification  probability 
could  possibly  be  increased  by  use  of  relative  response  of  both  detectors  to  a  given  vehicle.  The 
sensitivity  of  the  FID  could  be  increased  to  gasoline  vehicle  by  catalytic  conversion  of  carbon 
monoxide  predominately  present  in  gasoline  exhaust  to  methane. 

Range  of  the  FID/FPD  classifier  would  likely  be  limited  by  the  FID.  Although  the  particular 
hydrocarbon  analyzer  containing  a  FID  used  during  field  tests  performed  poorly  due  to  malfunction 
problems,  it  is  projected  that  a  FID/FPD  classifier  could  have  a  useful  range  of  100  m  in  open 
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terrain  and  30  m  in  wooded  terrain.  Range  independent  of  wind  direction  using  two  classifiers 
would  probably  be  limited  to  30  m.  The  size  of  the  FID/FPD  classifier  could  be  reduced  to  200  in.* 
with  a  power  requirement  of  3  w  and  a  weight  of  5  lb.  Unit  cost  for  production  of  1000-units  is 
estimated  at  $2000.  Development  costs  over  a  4-yr  period  would  likely  approach  $7M. 

UV-correlation  classifier 

The  correlation  spectrometer  (CS)  has  been  tested  as  a  remote  sensor  for  use  in  vehicle  detec- 
tion'iinoa  passive  mode  which  is  independent  of  wind  direction  and  does  not  require  pumping  of 
sample  air  through  the  system.  The  principle  of  detection  is  based  upon  the  absorption  of  ultra¬ 
violet  radiation  by  exhaust  components.  For  vehicle  classification,  both  nitrogen  dioxide  and  sul¬ 
fur  dioxide  can  be  monitored  simultaneously  on  a  continuous  basis.  A  separate  photomultiplier  tube 
is  used  for  each  gas  with  signals  independently  processed.  At  night  an  artificial  light  source  must 
be  provided.  However,  during  the  day  only  natural  illumination  is  required.  In  the  absence  of  a 
vehicle  emissions,  the  background  signals  depend  on  the  nature  of  the  light  source  as  well  as  en¬ 
vironmental  factors  which  alter  spectrdl'characteristics.  The  absorption  of  energy  by  vehicle 
emission  components  causes  an  abnormal  response  which  for  nitrogen  dioxide  can  be  interpreted  as 
a  detection.  The  presence  of  sulfur  dioxide  should  indicate  whether  the  vehicle  is  diesel  powered 
(V7D). 

Performance  of  the  model  tested  was  very  marginal  for  vehicle  detection  although  the  feasi¬ 
bility  of  this  concept  was  demonstrated.  An  increase  in  sensitivity  of  at  least  a  factor  of  10  seemed 
required  for  practical  application.  This  increase  in  performance  is  claimed  to  be  technically  feasi¬ 
ble.  Detection  ranges  probably  up  to  150  m  would  lie  possible  in  open  terrain  after  a  suitable  de¬ 
velopment  effort.  Range  in  wooded  terrain  would  be  limited  by  vegetation  density. 

The  prototype  unit  tested  for  daytime  use  occupied  a  volume  of  2160  in.*,  weighed  38  lb  and 
had  a  power  requirement  of  10-18  w.  A  substantial  improvement  in  physical  characteristics  should 
be  possible  with  estimated  reduction  in  size  to  400  in.*,  weight  to  5  lb,  and  power  requirements  to 
5  w.  Current  models;  cost  $10,000  to  312,000  depending  on  the  number  of  gases  to  be  monitored. 

For  production  quantities,  unit  costs  of  $3000  seem  reasonable.  Development  costs  of  $8M  over 
a  period  of  6  years  would  be  required  considering  the  state  of  the  art. 

UV-derivative  classifier 

This  sensor  concept  is  based  on  the  absorption  of  ultraviolet  radiation  by  nitrogen  oxide  and 
sulfur  dioxide  components  of  exhausts.  This  type  of  classifier  would  indicate  that  a  detected 
vehicle  is  diesel  powered  (V/D).  The  UV-derivative  spectrometer  (DS)  measures  the  curvature  of 
absorption  peaks  specific  for  these  compounds  as  sample  air  is  drawn  through  the  instrument.  The 
DS  is  highly  specific  and  sensitive,  with  detection  limits  in  the  5-10  ppb  range  which  should  make 
a  classifier  useful  at  downwind  ranges  up  to  100  m  in  open  terrain  and  30  m  in  wooded  terrain.  By 
use  of  2  classifier  systems,  ranges  up  to  50  m  independent  of  wind  direction  should  be  possible. 

Size  is  estimated  at  400  in.*  a  weight  of  5  lb,  and  a  10  w  power  requirement.  Current  models 
cost  35000  to  312,000  depending  on  configuration.  On  a  production  basis,  costs  for  a  classifier 
could  be  reduced  as  low  as  S3000.  Development  costs  are  estimated  at  S6M  over  a  period  of  5  years. 

Mass  spectrometer  classifier 

The  mass  spectrometer  (MS)  is  a  complex  instrument  originally  developed  foi  ..tudy  of  funda¬ 
mental  physical  chemical  processes  which  has  in  recent  years  been  extensively  ut.lized  in  the 
analytical  chemistry  field.  Emphasis  is  now  being  placed  on  development  of  miuiaurized  versions 
'  U.S.  Army  Land  Warfare  Laboratory  (,1971)  Spectrometer  sensors  investigation.  Technical  Report  No. 

LWL-CR-05670. 
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of  the  MS  for  NASA  applications  and  for  use  in  pollutant  monitoring  problems.  Application  of  the 
MS  to  trace.gas  .detection  for  military  purposes  is  under  investigation.  Major  state-of-the-art  ad¬ 
vances  are  required  before  this  typeof  sensor  could.be  used  in  a  portable,  remote  mode  but  the  MS 
is  the  type  of  equipment  required  before  detailed  classification  of  vehicles  could  be  possible  by 
trace  gas  analysis. 

There  are  a  number  of  types  of  MS,  but  the  general  operational  characteristics  are-similar  for 
those  potentially  useful  for  trace  gas  detection.  The  sample  is  introduced  using  one  of  several 
techniques  into  a  system  that  is  maintained  under  high  vacuum.  Use  of  semipermeable  membranes 
through  which  componentscof.  interest  can  selectively  diffuse  is  gaining  in  popularity  as  an  approach 
.for  continuous  sampling  of  air.  The  sample  molecules  then  pass  through  a  region  where  fragmenta¬ 
tion  is  induced,  commonly  by  electron  bombardment.  The  charged  ionic  fragments,  each  with  a 
specific  mass,  are  next  directed  through  an  electric  field  and/or  a  magnetic  sector  to  a  detector  where 
a  response  is  recorded.  By  controlled  variation  of  the  magnetic  field  strength,  the  kuic  fragments 
sequentially  reach  the  detector  in  order  of  mass  to  charge  ratio  (m/e).  The  resulting  mass  spectrum 
or  time  output  in  terms  of  signal  intensity  versus  m/e  is  characteristic  for  each  individual  com¬ 
pound.  For  a  complex  mixture  of  volatile  compounds,  such  as  represented  by  vehicle  exhaust,  the 
mass  spectrum  is  difficult  to  interpret  in  terms  of  individual  components.  However,  this  degree  of 
complexity  is  what  could  make  the  MS  useful  for  classification  of  vehicles  which  operate  on  the 
same  type  of  fuel  since  gross  composition  of  exhaust  does  not  appear  to  vary  in  a  manner  which 
would  allow  classification  at  this  level  using  simple  detectors.  The  application  of  this  concept 
remains  to  be  evaluated  for  vehicle  classification.  The  approach  to  take  seems  to  be  pattern 
analysis  of  a  sufficiently  large  number  of  signature  mass  spectra  to  be  of  statistical  significance. 
Equipment  is  currently  available  which  is  suitable  for  this  type  of  feasibility  study. 

At  this  stage  it  seems  premature  to  speculate  on  performance  characteristics  of  a  MS  classifier. 
However,  sensitivity  is  quite  good,  so  downwind  detection  ranges  in  open  terrain  of  100  m  and  30  m 
in  wooded  terrain  seem  reasonable.  Using  2  classifiers,  30-m  ranges  independent  of  wind  direc¬ 
tion  should  be  expected.  A  size  of  2  ft',  weight  of  50  lb,  and  a  power  requirement  of  40  w  could 
well  represent  physical  characteristics.  These  characteristics  are  determined  primarily  by  the  re¬ 
quirement  for  maintaining  a  vacuum  rather  than  by  other  components  of  the  system.  Commercial, 
low  resolution  laboratory  Ms  equipment  can  now  be  purchased  for  S5000  per  unit.  Development 
costs  could  be  as  high  as  $10M.  Probably  a  development  period  of  at  least  5-8  years  would  be 
required. 

Plasma  chromatograph  classifier 

The  plasma  chromatograph  (PC)  is  a  relatively  newly  developed  instrument  with  high  sensi¬ 
tivity  which  can  be  used  for  the  analysis  of  trace  chemicals  in  air.  The  instrument  can  operate  at 
atmospheric  pressure  which  is  a  distinct  advantage  in  comparison  with  the  mass  spectrometer 
which  requires  a  high  vacuum.  In  the  simplest  mode  of  operation,  air  is  passed  through  a  chamber 
containing  a  small  nickel-63  radioactive  source  which  emits  low  energy  electrons.  Normal  com¬ 
ponents  of  the  air  are  ionized  to  form  positive  and  negative  charged  reactants.  The  presence  of 
impurities  or  sample  components  in  the  sample  air  results  in  the  formation  of  a  stable,  charged 
ion-molecule  pair.  The  ion-molecule  complexes  then  enter  an  electrical  field  region  where  separa¬ 
tion  of  the  various  types  of  complexes  based  on  mass  occurs  due  to  differences  in  mobility.  The 
complexes  arrive  at  a  detector, at  different  times,  which  is  a  function  of  mass.  The  intensity-time 
display  has  been  termed  a  plasmagram. 

The  PC  has  undergone  some  evaluation  for  use  as  a  military  trace  gas  detector.  Some  tests 
have  been  run  on  use  of  the  instrument  as  a  vehicle  detector.  Detections  were  made  probably  as 
the  result  of  organometallK  complexes  in  exhaust.  No  information  is  available  on  the  use  of  the 
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PC  for  vehicle  classification.  Id  its  preseat  stage  of  developaeqg,  the  PC  is  primarily  a  labora¬ 
tory  instrument  for  use  as  a  research  toed.  Corrcat  costs  range  from  S20K  to  S2SK  per  unit.  A  com* 
siderable  amoont  of  study  and  development  would  be  required  to  configure  the  PC  for  reante  use  is 
vehicle  surveillance.  Although  the  PC  seems  beyood  the  immediate  scope  of  BEMBASS  applica¬ 
tions,  this  item  would  seem  to  merit  consideration  for  future  application. 


TRADE-OFF  DETERMOtAHOH 

In  previews  sections  on  results  of  field  tests,  laboratory  studies,  and  evaluation  of  chemical 
sensor  concepts,  information  has  been  developed  on  operating  principles,  projected  performance, 
physical  properties,  and  development  costs/time  parameters  for  individual  types  of  chemical  sen¬ 
sors.  These  data  are  compared  below  in  order  to  identify  the  most  immediately  promising  approaches 
for  REMBASS  applications.  Chemical  detectors  are  considered  separately  from  chemical  classi¬ 
fiers. 


Chemical  Detectors 

A  general-purpose  vehicle  detector  should  respond  to  both  gasoline  and  diesel  vehicles.  For 
this  reason  only  those  detectors. potentially  sensitive  to  particulates,  nitrogen  oxides,  and  carbon 
dioxide  were  included  in  the  following  trade-off  determination.  The  flame  ionization  detector,  which 
is  sensitive  only  to  hydrocarbons  present  in  gasoline  exhaust,  and  the. flame  photometric  detector, 
which  responds  to  sulfur  in  diesel  exhausts,  were  eliminated  for  this  reason.  The  thermal  con¬ 
ductivity  detector  for  analysis  of  hydrogen  was  also  not  considered  since  it  is  likely  to  be  prefer¬ 
ential  for  gasoline  vehicles. 

Projected  performance 

Projected  performance  parameters  of  the  seven  selected  technical  approaches  are  summarized 
in  Table  XIII.  The  risk  indicated1  reflects  a  judgment  of  the  amount  of  uncertainty  that  a'  given 
sensor  can  be  configured  to  respond  with  a  90%  detection  probability  to  all  vehicles  at  the  detec¬ 
tion  ranges  indicated.  The  various  detectors  are  then  ranked  by  consideration  of  performance  and 
risk  factors. 

The  condensation  nuclei  detector  (CND)  has  demonstrated  range  superior  to  that  of  all  other 
sensors.  It  is  known  to  be  responsive  to  particulate  matter  indicative  of  all  vehicles.  Due  to 
relatively  high  performance  and  low  risk,  it  is  ranked  one.  The  second  ranked,  alternative  detec¬ 
tor  is  the  chemiluminescence  detector  (CID).  The  range  given  has  not  been  proven  in  field  tests 
so  a  medium  risk  has  been  assigned.  However,  the  CID  does  respond  specifically  to  nitrogen  oxides. 
In  contrast,  the  Honeywell  ionization  detector  (HID)  is  rated  third  even  though  range  is  projected 
to  be  the  same  as  that  for  the  CID.  This  distinction  is  made  because  the  HID  must  be  configured 
to  respond  to  nitrogen  oxides  which  involves  a  higher  risk  than  for  the  CID. 

The  next  three  detectors  are  projected  to  have  lower  but  similar  detection  ranges.  Of  these, 
the  infrared  absorption  detector  (IAD)  has  the  least  risk  since  it  is  known  to  respond  to  carbon 
dioxide  given  off  by  all  vehicles.  Here,  the  risk  is  in  uncertainty  in  performance  rather  than  in  the 
the  concept.  The  kryptonate  detector  (KD)  has  never  been  tested  for  vehicle  detection  but  is  being 
developed  specifically  for  exhaust  component  monitoring.  A  high  risk  is  involved  since  a  sub¬ 
stantial  increase  in  sensitivity  to  nitrogen  oxides  of  the  existing  prototype  model  must  be  developed 
before  the  concept  would  be  useful.  The  electron  capture  detector  (ECD)  has  not  been  demonstrated 


Table  XU1.  Projected  performance  of  chemical  detectors. 
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Projected  physical  properties  o i  the  cteaeal  detectws  are  pw  ia  Table  XIV.  These 
characteristics  are  gma  is  terns  of  suce.  weight,  power,  awd  awwietil  restraints.  With  re¬ 
gard  to  tewperatwe.  extrewe  tewperatares  are  likely  to  increase  power  requreaeets.  Although  aost 
of  the  detectors  oonld  be  desigaed  to  withstand  aorwal  teaperatare  extreares  wader  stable  condi- 
tions.  wide  variation  in  teaperatore  over  short  tiae  periods  aay  degrade  perfntaance.  The  con  eat 
state  of  the  art  is  illustrated  by  the  nearest  sxaapie  of  a  gives  technical  approach.  TWother  re- 
qpnreeents"crd'Bn  indicates  characteristics  which  could  cause  special  logistical  probleas  or  limit 
the  period  of  unattended  use.  The  risk  reflects  uncertainty  that  the  nearest  example  could  be  father 
developed  into  a  detector  with  stated  physical  characteristics. 

The  SAD  clearly  would  have  superior  physical  properties  in  all  respects.  The  low  risk  is 
assigned  because  similar  types  of  SAD  not  sensitive  to  carbon  dioxide  with  these  characteristics 
are  commercially  available.  Even  though  the  CND  is  ucrently  limited  to  operation  at  above 
freezing  temperatures,  it  is  rated  second  because  of  lower  size  and  power  requirements  in  compari¬ 
son  with  the  other  remaining  detectors.  Since  the  CND  has  already  undergone  some  development 
for  military  purposes,  the  uncertainty  in  stated  parameters  is  low.  The  third  choice  HID  is  placed 
over  the  fourth  choice  ECD  because  of  a  lower  risk,  coupled  with  the  ECD  requirement  for  a  special 
gas  for  operation.  The  remaining  three  detectors  have  similar  characteristics.  However,  the  IAD 
is  placed  fifth  due  to  a  somewhat  lower  risk.  The  KD  is  favored  over  the  CID  which  requires  oxygen 
gas  for  operation.  Both  the  KD  and  CID  are  considered  high  risk  items  in  comparison  with  the  other 
alternative  approaches. 

Projected  development  time  and  casts 

Development  time  and  cost  considerations  are  summarized  in  Table  XV.  In  determining  unit 
costs,  an  estimate  based  on  experience  in  development  of  chemical  agent  detector  systems  coupled 
with  available  information  on  costs  of  current  detectors  was  first  made  for  production  of  1000 
units.  To  be  consistent  with  USAMERDC  estimates  for  higher  production  volumes  of  other  detector 
concepts,  costsfor  10,000,  25,000,  and  100,000  units  were  prorated  at  about  76,  68,  and  60%  of 
unit  cost  for  1000-unit  production.  Risk  is  a  value  judgment  based  on  the  uncertainty  in  unit  and 
development  costs,  and  time.  In  comparing  detectors,  unit  cost  was  considered  more  important 
than  development  costs. 

The  development  time  and  costs  are  similar  for  the  CND,  HID,  and  SAD.  The  risk  in''c!'-ed  in 
each  of  these  cases  is  low.  The  SAD  is  ranked  number  one  over  the  CND  followed  Dy  the  HID, 
based  primarily  on  projected  unit  costs.  The  ECD  is  rated  fourth  in  comparison  with  the  HID  cue 
i/,.  a  higher  risk  in  conjunction  with  higher  development  costs  and  a  longer  development  perioo.:  A 
mulinm  risk  is  also  associated  with  the  renaming  CID,  IAD,  and  KD  v.lrernatives,  which  have 
higher  but  similar  development  time  and  cost  requirements.;  The  IRD,  KD,:  and  CID  are  ranked  five, 
six  and  seven,  respectively,  based  on  unit  costs.; 


Table  XIV.  Projected  physical  properties  of  chemical  detectors. 
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The  individual  rankings  of  the  detectors  based  on  performance,  physical  properties,  and  de¬ 
velopment  parameters  are  summarized  in  Table  XVI.  in  addition,  an  overall  risk  ranking  is  assigned 
which  reflects  the  uncertainty  that  a  detector  with  staled  characteristics  and  performance  could  be 
developed  for  the  time  and  costs  given.  In  establishing  the  overall  rating  for  the  various  technical 
approaches,  primary  consideration  was  given  to  performance,  unit  costs,  development  time  and 
costs,  and  overall  risk.  Physical  characteristics  were  normally  considered  only  when  they  were  of 
extreme  significance,  or  when  comparing  two  approaches  with  otherwise  similar  characteristics. 

The  CND  is  rated  one  in  comparison  with  other  detectors,  based  on  distinctly  superior  perfor¬ 
mance,  moderate  costs,  and  low  risk.  The  SAD  is  rated  second  despite  the  fact  that  this  detector 
is  projected  to  have  the  lowest  detection  range  and  a  medium  risk.  This  placement  was  made 
primarily  on  the  basis  of  lowest  unit  costs  coupled  with  the  recognition  that  the  SAD  would  have 
physical  characteristics  which  most  nearly  meet  REMBASS  requirements.  The  HID,  which  is  rated 
third,  is  characterized  by  moderate  performance,  development  characteristics,  and  physical  properties 
at  medium  risk.  It  was  also  taken  into  consideration,  as  discussed  later,  that  this  particular  de¬ 
tector  shows  potential  for  use  in  vehicle  classification.  The  CID  was  placed  fourth.  In  this  case, 
high  risk,  and  high  development  and  unit  cost  factors  are  partially  offset  by  projected  performance. 
The  IAD,  ECD,  and  KD  are  difficult  to  rate  since  generally  unfavorable  characteristics  dominate 
each  case.  Of  these,  the  IAD  was  placed  fifth  since  it  should  exhibit  the  highest  performance  at 
the  lowest  risk.  The  ECD  is  favored  over  the  KD  primarily  due  to  cost  considerations. 
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Chemical  Clasaifiem 

Vehicle  classification  using  chemical  sensors  can  only  be  evaluated  at  this  time  at  the  level 
of  discriminating  between  diesel  and  gasoline  powered  vehicles.  For  this  purpose,  combination  of 
two  sensors  each  specific  for  a  different  exhaust  component  seems  to  be  the  most  promising  approach 
to  development  of  a  classifier,  all  factors  considered.  Some  of  the  classifier  concepts  described 
previously  were  eliminated  from  the  tradeoff  determination  based  on  a  preliminary  evaluation.  Host 
of  the  remaining  concepts  involve  sensors  which  individually  show  potential  for  a  vehicle  detec¬ 
tor.  One  exception  to  this  is  the  flame  ionization/flame  photometric  classifier.  Although  neither 
of  these  sensors  would  respond  as  a  general-purpose  detector,  combination  of  the  two  is  useful  for 
classification  since  the  flame  ionization  detector  is  sensitive  to  gasoline  exhaust  while  the  flame 
photometric  detector  indicates  diesel  exhaust.  Another  exception  is  the  mass  spectrometer.  This 
sensor  is  not  competitive  with  the  other  concepts  at  the  classification  level  under  consideration. 
However,  the  mass  spectrometer  should  remain  under  consideration  since  it  would  be  a  leading 
contender  in  future  attempts  to  classify  vehicles  at  a  more  detailed  level. 

Projected  performance 

Projected  performance  data  for  the  various  technical  approaches  are  given  in  Table  XVII. 

Risk  indicates  uncertainty  in  the  technical  approach  as  well  as  the  projected  range.  The  highest 
rating  was  given  to  the  CND/HID  classifier.  Detection  should  be  reliable  based  on  CND  performance. 
However,  there  is  a  moderate  isk  since  the  HID  must  still  be  configured  to  be  specific  for  either 
gasoline  or  diesel  vehicles.  The  HID  combination  was  ranked  second  even  though  range  equal  to 
the  CND/H1!)  is  expected.  This  rating  was  made  based  on  a  higher  uncertainty  in  total  reliance  on 
the  HID  concept. 
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to  oat  ■ifiy—  ay  tesfieg.  However.  tto  ceacept  is  believed  to  be  feasftie  based  at  malts 
of  laboratory  into  os  motoeeiar  aoalytis  of  exbaoet  gases  espported  by  other  toBMPoa.  Raage 
is  projected  to  be  the  tae  as  tar  the  PTD/FPD  rfawificatwi  bat  a  higher  nsk  Is  iarolwd  for  the 
SdstoSet.  h  oafcmg  ito  tatisg  so  oceridcrahos  is  gnwa  to  tto  powahiltty  flat  to  MS  corid 
classify  *■  t  ilrf lil  this  iwid  hr  ffitfWf  «*f  my  twt-vti  ynyto  The 

remaiotsg  three  classifier  ccocepts  have  the  lowest  rprt  The  CND/SAD  has  the  lower  risk  be- 
cane  the  a^oou  of  both  detectors  is  ton.  aod  detectios  reliability  is  high  doe  to  the  CUD; 
it  is  rated  as  the  fifth  alterative.  The  HID/SAD  is  placed  tote  the  imoi  tasked  SAD  gtorfly 
os  the  basis  of  risk.  Although  the  r<sfc  is  high  is  both  cases,  the  odds  favor  the  HID/SAD  te  to 
the  larger  nwhrr  of  detector  response  options  available  far  caafigvation  as  a  classifier. 


Projected  physical  properties  for  each  type  of  classifier  are  given  in  Table  XVIII.  The  dual 
SAD  classifier  would  clearly  be  superior  to  all  other  alternative  approaches  in  terns  of  physical 
properties  alooe.  The  CND/SAD  device  ranks  second  primarily  on  the  basis  of  size  even  though 
operation  is  corestly  limited  to  above-freezing  temperatves.  The  third  ranked  HID/SAD  classifier 
would  be  almost  three  times  as  large.  In  both  cases,  addition  of  the  simple  SAD  should  allow  for 
ease  in  design  and  configuration  for  development.  Except  for  power  requirements,  the  physical 
properties  are  essentially  the  same  as  those  for  the  CND  and  HID  alooe.  The  larger  dual  HID  is 
selected  as  the  fourth  alternative.  In  comparison  to  the  fifth-place  CND /HID,  it  is  composed  bt 
common  units  which  will  reduce  problems  of  training  and  maintenance  as  well  as  permit  ease  of 
development.  The  current  HID  is  already  configured  in  a  dual  mode  for  detection  of  chemical 
agents.  It  can  also  be  used  ova  a  wider  temperature  range.  The  FID/FPD  classifier  was  ranked 
below  other  concepts  with  less  desirable  characteristics  since  a  higher  risk  is  involved.  Special 
fuel  gas  is  required  which  is  an  additional  complicating  factor.  In  operation,  a  flame  must  be 
maintained  in  producing  a  response  although  the  FID  and  FPD  could  possibly  have  a  common  burner 
jet.  The  various  parameters  for  the  MS  classifier  are  quite  speculative  so  a  high  risk  is  involved. 
The  values  given  for  the  MS  are  clearly  not  competitive  with  those  of  the  other  concepts. 

Projected  development  time  and  costs 

Projected  estimated  development  time  and  cost  are  shown  in  Table  XIX.  Unit  costs  per  1000 
units  are  estimated  based  on  experience  with  costs  for  chemical  agent  detectors  coupled  with  in¬ 
formation  available  on  costs  for  current  models  of  individual  representative  detectors.  Costs  for 
500-unit  production  are  assumed  to  be  the  same  as  for  1000-unit  quantities.  To  be  consistent  with 
USAMERDC  estimates  of  cost  reduction  for  larger  orders,  unit  costs  for  10,000-and  25,000-unit 
production  were  assumed  to  be  76%  and  68%  of  unit  costs  for  production  of  1000  units.  Risk  indi¬ 
cates  the  degree  in  uncertainty  in  development  for  the  time  and  costs  stated. 

The  dual  SAD  classifier  has  a  distinct  unit  cost  advantage  over  all  other  concepts,  and  a  lower 
development  cost.  Consequently,  this  alternative  is  ranked  over  the  CND/SAD  alternative  even 
though  a  higher  risk  is  involved.  However,  the  CND/SAD  has  lower  production  and  unit  costs  at 
a  lower  risk  than  the  third-place  HID/SAD  unit.  The  dual  HID  and  CND/HID  are  ordered  consecu¬ 
tively  in  lower  priority  because  of  increasing  unit  costs.  The  sixth  ranked  FID/FPD  classifier 
has  higher  unit  and  production  costs,  and  a  longer  development  time.  The  MS  classifier  ranked  last 
has  the  highest  costs  and  longest  development  time  couplod  with  a  high  risk. 
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Risk 

Demfop— at  (low. 


Tockmiesl  approach 

Costs 

(•*) 

Time 

<yr) 

Coat  beset  os  these  qeastities 
500  1.000  10.000  25.000 

Prodicti  oa 

schedule 

mot, 

Ugk) 

Bask 

'•Imr’-ii  mini' 
flsaeywrll  ioni  ration 
(CKO /HID) 

6 

4 

1.000 

1.000 

760 

680 

9  moa  ARO* 

m 

5 

Out  BoneyweU  ionixatioe 
detector  (HID) 

4.5 

4 

750 

750 

750 

510 

9  moa  ARO 

.  if 

4 

HomtmII  ionization/ 
outsat  adsorption 
(HID/SAD) 

5.5 

4 

700 

700 

530 

475 

9  moe  ARO 

i< 

3 

Condensation  nuclei/ 
surface  adsorption 
(CND/SAD) 

5 

3.5 

500 

500 

380 

340 

9  mos  ARO 

L 

2 

Dual  surface  adsorption 
(SAD) 

4 

3 

200 

200 

152 

136 

9  mos  ARO 

II 

1 

Flame  ionizatio  a/flame 
photometric  (FID/FPD) 

7 

4 

2,000 

2,000 

1,520 

1,360 

9  mos  ARO 

M 

6 

Hass  spectrometer  (IIS) 

10 

5-8 

5.000 

5,000 

3,£00 

3,400 

9  mos  ARO 

H 

7 

•After  receipt  of  order. 


Trade-off  ranking 

The  ratings  for  each  technical  approach  in  terms  of  performance,  development  time  and  costs, 
and  physical  properties  are  summarized  in  Table  XX.  In  addition,  an  overall  risk  factor  is  assigned 
to  indicate  the  uncertainty  that  an  item  with  stated  performance  and  physical  characteristics  could 
be  developed  for  the  time  and  cost  given. 

The  dual  HID  classifier  is  ranked  as  the  best  technical  approach.  This  classifier  shows  good 
performance  at  medium  costs  and  a  medium  risk.  The  second  ranked  CND/HID  has  a  higher  per¬ 
formance  rating  but  is  more  expensive  and  has  less  desirable  physical  characteristics.  The  third- 
choice  dual  SAD  classifier  is  rated  the  lowest  of  all  alternatives  in  terms  of  performance.  However, 
this  disadvantage  is  countered  by  significantly  lower  costs  and  much  more  desirable  physical 
characteristics  in  comparison  with  the  other  approaches.  The  fourth  ranked  CND/SAD  unit  shows 
low  performance  but  is  generally  desirable  in  terras  of  costs,  physical  properties,  and  overall  risk. 
The  HID/SAD  classifier  has  lower  performance,  higher  costs,  and  poorer  physical  characteristics 
at  a  higher  risk  than  the  CND/SAD  alternative.  The  FID/FPD  classifier  is  ranked  third  in  terms 
of  performance  but  has  been  assigned  to  sixth  place  due  to  generally  unfavorable  characteristics 
in  other  respects.  The  last  ranked  mass  spectrometer  classifier  is  a  high-risk  item.  It  has  an 
anticipated  moderate  performance  but  also  has  the  least  favorable  development  and  physical  pro¬ 
perty  characteristics. 


uarasteasgaa ^ 
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Table  XX.  Trade-Off  raakiag  of  c  he  ideal  classifiers. 


Tradeoff  ranking 

Technical  approach 

Performance 

Physical 

properties 

Time  and 
cost 

Overall  risk 
(low,  med,  high) 

Overall  rating 

Condensation  nuclei/ 
Honeywell  ionization 
(CND/HID) 

1 

5 

5 

M 

2 

Dual  Honeywell  ionization 
(HID) 

2 

4 

4 

M 

1 

Honeywell  ionization/ 
surface  adsorption 
(HID/SAD) 

6 

3 

3 

M 

S 

Condensation  nuclei/ 
surface  adsorption 
(CND/SAD) 

S 

2 

2 

L 

4 

Dual  surface  adsorption 
(SAD) 

7 

1 

1 

M 

3 

Flame  ionization /flame 
photometric  (FID/FPD) 

3 

6 

6 

M 

6 

Mass  spectrometer  (MS) 

4 

7 

7 

H 

7 

